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(54) High-frequency device 

(57) A high-frequency device comprises a dielectric 
substrate (11) : a filter element which has a plurality of 
resonating elements (12) made of a first superconductor 
film on the dielectric substrate (1 1 ) , a dielectric plate (1 6) 
which faces the dielectric substrate (11) substantially in 
parallel with the substrate (11) and covers the plurality 



of resonating elements (12), and a spacing adjusting 
member (17) configured to control the spacing between 
the dielectric plate (1 6) and the dielectric substrate (11). 
The high-frequency device enables the pass-band fre- 
quency of the filter to be adjusted with high accuracy 
without variations in the skirt characteristic or ripple 
characteristic. 
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.-Description 

[0001] This invention relates to a high-frequency de- 
vice, and more particularly to a microwave filter and a 
high-frequency device related to the microwave filter. 
[0002] A communication apparatus for communicat- 
ing information by wireless or by wire is composed of 
various devices, including amplifiers, mixers, and filters. 
That is, it includes many devices making use of reso- 
nance characteristics. For instance, a filter is composed 
of a plurality of resonating elements arranged side by 
side and has the function of allowing only a specific fre- 
quency band to pass through. Such a filter is required 
to have a low insertion loss and permit only the desired 
band to pass through. To meet these requirements, res- 
onating elements with high unloaded Q values are need- 
ed. 

[0003] One method of realizing a resonating element 
with a high unloaded Q value is to use a superconductor 
as a conductor constituting a resonating element and 
further use a material whose dielectric loss factor is very 
small, such as AI 2 0 3 , MgO, or LaAI0 3 , as a substrate. 
In this case, however, the unloaded Q value is 10,000 
ormore and the resonance characteristic is very sharp. 
As a result, the desired characteristic cannot be ob- 
tained unless the resonance characteristic is adjusted 
with high accuracy in the design stage. 
[0004] To overcome such a problem, a resonator and 
a filter which have the function of adjusting the reso- 
nance frequency have been proposed. Methods of tun- 
ing the frequency of a resonator or a filter include a 
method of providing a dielectric whose permittivity de- 
pends on the applied electric field in the vicinity of a res- 
onating element and thereby applying a voltage to the 
dielectric and a method of providing a magnetic material 
whose permeability varies with the applied magnetic 
field in the vicinity of a resonating element and applying 
a magnetic field to the magnetic material. 
[0005] For example, what has been described in ref- 
erence 1 ("Electrically tunable coplanar transmission 
line resonators using YBa 2 Cu 3 0 7 . x /SrTi0 3 bilayers" by 
AT. Findikoglu etaL Appl. Phys. Lett., Vol. 66, p. 3674, 
1 995) is a method of forming a coplanar resonator com- 
posed of an oxide superconductor film on an LaAI0 3 
substrate whose surface is covered with a dielectric 
SrTi0 3 film whose permittivity depends on the applied 
electric field and applying a voltage between the central 
transmission line and the ground on both sides and 
thereby tuning the resonance frequency f . In this case, 
the tuning width Af/f is 4%. Since a dielectric whose per- 
mittivity depends on the field strength, such as SrT10 3 , 
has a high dielectric loss factor (tan 6), the unloaded Q 
value decreases to about 200. This causes the following 
problem: the advantage that use of a very low loss su- 
perconductor increases the unloaded Q value disap- 
pears. 

[0006] Similarly, in reference 2 ("Tunable and adap- 
tive bandpass filter using a nonlinear dielectric thin film 



of SiTi0 3 n by AT. Findkoglu et al., Appl. Phys. Lett., Vol. 
68, p. 1651, 1996), a tunable band-pass filter composed 
of a plurality of coplanar resonators capable of perform- 
ing the aforementioned frequency tuning has been de- 
5 scribed. In this case, since the unloaded Q value of each 
resonator constituting the filter is small as described 
above, the rising and falling of the frequency passband 
called the skirt characteristics are gentle, impairing the 
frequency selectivity. There is another problem: when 
10 the frequency passband is changed by the application 
of a voltage, the insertion loss, skirt characteristics, and 
ripples in the frequency passband vary. 
[0007] Furthermore, Jpn. Pat. Appln. KOKAI Publica- 
tion No. 9-307307 or Jpn. Pat. Appln. KOKAI Publication 
15 No. 10-51204 has disclosed a filter where a dielectric 
whose permittivity depends on a voltage is provided on 
a filter element and a pair of voltage applying electrodes 
is provided near the dielectric. In this case, it is possible 
to change the permittivity locally or distribute the permit- 
20 tivity according to the arrangement of electrodes or the 
applied voltage. This alleviates the above problem to 
some degree, that is, the problem of changes in the in- 
sertion loss, skirt characteristics, and ripples incidental 
to the tuning of the passing frequency band of the band- 
25 pass filter. 

[0008] This method, however, requires not only a di- 
electric whose permittivity varies with the applied volt- 
age but also voltage applying electrodes, leading to an 
additional loss caused by the electrodes. As a result, the 
30 unloaded Q value of a single resonator is as small as 
several hundred or less, which makes it impossible to 
obtain a filter with a sharp skirt characteristic. 
[0009] Furthermore, when the tuning of the frequency 
is done by applying a voltage to the electrode pair and 
35 changing the permittivity of the dielectric uniformly, the 
loss due to the dielectric is great and in addition varies 
with the applied voltage. Consequently, the Q value of 
the resonating element constituting the filter varies as a 
result of tuning, which causes a problem: the insertion 
40 loss of the filter and the characteristics in the passband 
deviate from the desired characteristics. Moreover, this 
method permits the permittivity and dielectric loss factor 
to follow a spatial distribution and therefore cannot 
cause them to vary uniformly all over the surface. 
45 [0010] Another method has been described in, for ex- 
ample, reference 3 ('Tunable Superconducting Reso- 
nators Using Ferrite Substrates" by D.E. Oates and G. 
F. Diome, IEEE MTT-S digest, p. 303, 1997). In this 
method, a plate of magnetic material Y 3 Fe 5 0 12 (YIG) 
so whose permeability varies with the applied magnetic 
field is provided on a microstrip-structure resonator 
formed on a substrate. A direct-current magnetic field is 
externally applied to the plate, thereby tuning the reso- 
nance frequency. Although the tuning width Af/f is 3%, 
55 almost the same as that in the aforementioned dielectric 
control method, the unloaded Q value has been im- 
proved and is about ten times as large as that of a die- 
lectric-control-type resonator. However, when a plurality 
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of resonators with such a tuning function are arranged 
side by side, thereby forming a band-pass filter capable 
of tuning the passing frequency band, the electrornag- 
. netic coupling between the resonating elements and be- 
tween the resonating elements and the input and output 5 
lines varies because the passing frequency band varies 
according to the application of the magnetic field. This 
variation causes a problem: the insertion loss, skirt char- 
acteristics, and ripple characteristics of the filter deviate 
from the original design. Moreover, when the passing 10 
frequency band is 5 GHz or less, the insertion loss be- 
comes greater because of the magnetic loss. 
[0011] Still another method has been disclosed in 
Jpn. Pat. Appln. KOKAI Publication No. 5-199024. In 
this method, a superconductive resonator is such that a is 
vertically movable conductor rod, dielectric strip, or 
magnetic material rod is provided on a resonator with a 
single resonating conductor and the resonance frequen- 
cy can be adjusted by controlling the position of the rod. 
However, to apply the method to a filter where a plurality 20 
of resonating elements are arranged side by side, it is 
necessary to move the conductor rod or the like on each 
resonating element over the same distance with high ac- 
curacy. There is another problem: changing the frequen- 
cy leads to changes in the characteristics within the 25 
band, such as ripples or bandwidth. 
[0012] In the description of reference 4 ("On the De- 
velopment of Superconducting Microstrip Filters for Mo- 
bile Communications Applications" by Jia-Sheng Hong 
et al., IEEE Trans. Microwave Theory and Techniques, 30 
Vol. 47, No. 9, p. 1656, 1999), a filter has been housed 
in a package and many tuning screws have been pro- 
vided on the resonating elements and between the res- 
onating elements. The screws are made to go down or 
up, thereby tuning the frequency. In this case, an in- 35 
crease in the loss as a result of the addition of the tuning 
function is smaller than in the aforementioned dielectric 
voltage applying method or magnetic material magnetic 
field applying method. However, since each screw has 
a different effect on the filter characteristics, the control 40 
of each screw must be performed independently and 
precisely. The optimum position of each screw must be 
made different according to the pattern of the filter. For 
this reason, this method has the problem of having many 
control parameters, being difficult to adjust, and being 45 
complex in structure. 

[0013] On the other hand, in a communication sys- 
tem, such a skirt characteristic of a band-pass filter as 
prevents interference between adjacent frequency 
bands is required. Furthermore, a band-pass filter with so 
a sharp skirt characteristic for making effective use of 
frequencies is needed. 

[0014] When the skirt characteristic on the low-fre- 
quency side of the passband is made sharper, a filter 
circuit composed of a hairpin-type resonating element 55 
having a pole on the low-frequency side of the passband 
can be used as described in, for example, "1.5-GHz 
Band-Pass Microstrip Filters Fabricated Using EuBaC- 



uO Superconducting Films" by Yasuhiro Nagai et al., 
Japanese Journal of Applied Physics, Vol. 32, p. L260, 
1993. 

[0015] Conversely, when the skirt characteristic on 
the high-frequency side of the passband is made sharp- 
er, a forward-coupled filter having a pole on the high- 
frequency side of the passband can be. used as de- 
scribed in, for example, "Compact Forward-Coupled Su- 
perconducting Microstrip Filters for Cellular Communi- 
cation" by Dawei Zhang et al, IEEE TRANSACTIONS 
ON APPLIED SUPERCONDUCTIVITY, Vol. 5, No. 2, p. 
2656, 1995. 

[0016] Furthermore, when both sides of the passband 
are made sharper, a quasi-elliptic-function-type filter 
having poles on both sides of the passband can be used 
as described in, for example, "On The Performance of 
HTS Microstrip Quasi-Elliptic Function Filters for Mobile 
Communications" by Jia-Sheng Hong et al., IEEE 
TRANSACTIONS ON MICROWAVE THEORY AND 
TECHNIQUES, Vol. 48, No. 7, p. 1240, 2000. 
[0017] In any of the above cases, use of multiple stag- 
es of resonating elements enables the skirt character- 
istics to be made sharper. Since metal filters or dielectric 
filters cause great losses, they cannot be made multi- 
stage. However, use of superconductive filters using su- 
perconductors as resonating elements makes it possi- 
ble to realize multiple stages of filters. 
[0018] When a communication system requires a very 
sharp skirt characteristic, even if the filter has poles, a 
great many resonating elements must be used to realize 
a multistage structure, which makes the filter circuit larg- 
er. For this reason, to produce such a large filter circuit, 
a very large substrate is needed. 
[0019] However, it is difficult to produce such a large 
substrate by using Al 2 0 3 (sapphire), MgO, LaAI0 3 , or 
the like, used for a microstrip -line-type superconductive 
filter, which results in an increase in its production cost. 
It is also difficult to form a superconductor film on a large 
substrate. That is, when a band-pass filter with a very 
sharp skirt characteristic required in a communication 
system is realized using conventional techniques, the 
following problems are encountered: one problem is that 
it is difficult to prepare a large substrate on which a su- 
perconductor film has been formed; and another prob- 
lem is that, even if such a substrate has been prepared, 
the production cost is very high. 

[0020] Furthermore, a superconductive band-pass fil- 
ter with a high-power-resistant transmission character- 
istic, such as a transmission filter in a wireless base sta- 
tion, is realized by constructing the filter using large res- 
onating elements as described in, for example "Elliptic- 
Disc Filters of High-Tc Superconducting Films for Pow- 
er-Handling Capability Over 1 00W" by Kentaro Setsune 
et al., IEEE TRANSACTIONS ON MICROWAVE THE- 
ORY AND TECHNIQUES, Vol. 48, No. 7, p. 1256, 2000. 
However, to realize a sharp skirt characteristic required 
in the system, it is necessary to use a large number of 
resonating elements for a multistage structure. This 
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.•causes the following problems: it Is difficult to prepare 
such a large substrate that enables a lot of large reso- 
nating elements to be formed; and if such a substrate 

^has been prepared, its production cost is very high. 
[0021] There arises another problem: when a super- 
conductive filter circuit becomes large, this makes larger 
the mounting system that houses the filter circuit, result- 
ing in an increase in the cooling cost for realizing the 
superconducting characteristics. 

[0022] On the other hand, a band-pass filter whose 
characteristics, including the center frequency and 
bandwidth, are variable is indispensable to the construc- 
tion of a communication infrastructure capable of flexibly 
copying with modifications to the system. With a con- 
ventional characteristic-variable band-pass filter, each 
amount of the coupling between resonating elements 
constituting the filter arid the external Q were controlled 
independently, thereby obtaining the desired filter char- 
acteristic and its change as described in Jpn. Pat. Appln. 
KOKAI Publication No. 9-307307. Therefore, to change 
the characteristic of a multistage filter with a sharp skirt 
characteristic by the method of the conventional char- 
acteristic-variable band-pass filter, it is necessary to 
control a great many couplings between resonating el- 
ements, resulting in an enormous number of parameters 
to be controlled, which makes it difficult to change the 
characteristic of the multistage filter. 
[0023] As described above, it was not easy to obtain 
a band-pass filter with a sharp skirt characteristic be- 
cause a large substrate was needed in the prior art. It 
was also difficult to adjust the transmission characteris- 
tic of the filter accurately. For this reason, there have 
been demands toward realizing a filter device which has 
a sharp skirt characteristic and is capable of obtaining 
a desired transmission characteristic easily. 
[0024] A high-frequency device according to a first as- 
pect of the present invention comprises: a dielectric sub- 
strate with a first and a second main surface; a filter el- 
ement which has a plurality of resonating elements 
made of a first superconductor film on the first main sur- 
face of the dielectric substrate; a dielectric plate having 
a third and a fourth main surface, the third main surface 
of the dielectric plate facing the first main surface of the 
dielectric substrate, the dielectric plate being substan- 
tially in parallel with the first main surface, and the die- 
lectric plate covering the plurality of resonating ele- 
ments; and a spacing adjusting member configured to 
control a spacing between the third main surface of the 
dielectric plate and the first main surface of the dielectric 
substrate. 

[0025] A high-frequency device according to a second 
aspect of the present invention comprises: a substrate; 
a filter series where a plurality of band-pass filters are 
connected in series, each of the plurality of band-pass 
filters being composed of a plurality of resonating ele- 
ments made of a superconductorfilm formed on the sub- 
strate; and a resonance controller configured to control 
resonance frequencies of the plurality of resonating el- 



ements forming at least one band-pass filter. 
[0026] This summary of the invention does not nec- 
essarily describe ail necessary features so that the in- 
vention may also be a sub-combination of these de- 
5 scribed features. 

[0027] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

10 FIG. 1 is a sectional view showing the basic config- 
uration of a high-frequency device according to a 
first embodiment of the present invention; 
FIGS. 2A and 2B are plan views showing the posi- 
tional relationship in plane between resonating ele- 
15 ments and a dielectric plate in the first embodiment 
and show an example of a dielectric plate covering 
all over the surface of a substrate at which resonat- 
ing elements have been formed and an example of 
a dielectric plate covering half of the surface of the 
20 substrate, respectively; 

FIG. 3 shows the relationship between the resonat- 
ing-element-to-dieiectric-plate distance and a vari- 
ation in the passband center frequency in the first 
embodiment; 

25 FIG. 4 shows the comparison between the frequen- 

cy transmission characteristic (S21) before tuning 
and that after tuning in the first embodiment; 
FIG. 5 is a sectional view of a modification of the 
first embodiment; 

30 FIG. 6 is a sectional view of a high-frequency device 
according to a second embodiment of the present 
invention; 

FIGS. 7A and 73 show the positional relationship in 
plane in the second embodiment and the definition 

35 of dimensions or distances serving as main factors; 

FIG. 8 is a table to help explain the relationship be- 
tween the dimensions and the magnitude of ripples 
when spacing adjusting members are provided at 
ends of dielectric plate in the second embodiment; 

40 FIG. 9 is a table to help explain the relationship be- 
tween the dimensions and the magnitude of ripples 
when a spacing adjusting member made of metal is 
provided in the middle of a dielectric plate in the first 
embodiment; 

45 FIG. 10 is a table to help explain the relationship 
between the dimensions and the magnitude of rip- 
ples when a spacing adjusting member made of a 
dielectric is provided in the middle of a dielectric 
plate in the first embodiment; 

so FIG. 11 shows a definition of L in FIGS. 9 and 1 0; 

FIG. 12 is a sectional view of a high-frequency de- 
vice according to a third embodiment of the present 
invention; 

FIG. 13 is a sectional view of a high-frequency de- 
55 vice according to a fourth embodiment of the 
present invention; 

FIG. 14 is a sectional view of a modification of the 
fourth embodiment; 
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FIG. 15 is a sectional view of another modification 
of the fourth embodiment; 

FIG. 16 is a sectional view of a high-frequency de- 
vice according to a fifth embodiment of the present 
invention; 5 
FIGS. 1 7 A and 1 7B are a sectional view and a top 
view of a modification of the fourth embodiment; 
FIGS. 1 8A and 18B are sectional views of a high- 
frequency device according to a sixth embodiment 
of the present invention; 10 
FIG. 1 9 is a schematic plan view of the sixth em- 
bodiment; 

FIG. 20 is a schematic plan view of a modification 
of the sixth embodiment; 

FIG. 21 is a sectional view of a high-frequency de- 15 
vice according to a seventh embodiment of the 
present invention; 

FIG. 22 is a schematic plan view showing the posi- 
tional relationship between the main parts of a high- 
frequency device according to the seventh embod- 20 
iment; 

FIG. 23 shows a transmission characteristic of a fil- 
ter when the applied voltage to a piezoelectric ele- 
ment is changed in the seventh embodiment; 
FIG. 24 is a schematic plan view showing the posi- 25 
tional relationship between the main parts of a high- 
frequency device related to a modification of the 
seventh embodiment; 

FIG. 25 is a sectional view of a high-frequency de- 
vice related to another modification of the seventh 30 
embodiment; 

FIG. 26 is a sectional view of a high-frequency de- 
vice related to still another modification of the sev- 
enth embodiment; 

FIG. 27 schematically shows the configuration of a 35 
high-frequency device according to an eighth em- 
bodiment of the present invention; 
FIG. 28 is a characteristic diagram to help explain 
the operation of the high-frequency device accord- 
ing to the eighth embodiment; 40 
FIG. 29 is a schematic sectional view of a high-fre- 
quency device according to a ninth embodiment of 
the present invention; 

FIG. 30 is a sectional view of a modification of the 
ninth embodiment; 45 
FIG. 31 is a sectional view of another modification 
of the ninth embodiment; 

FIGS. 32A to 32C show plane patters of resonating 
elements in an example of the basic configuration 
of a band-pass filter related to the embodiments of so 
the present invention; 

FIG. 33 is an equivalent circuit diagram of the band- 
pass filter; 

FIGS. 34A to 34C show examples of the transmis- 
sion characteristics of the band-pass filters shown 55 
in FIGS. 32A to 32C; 

FIG. 35 is a block diagram showing an example of 
the basic configuration of a filter apparatus related 



to the embodiments of the present invention; 
FIG. 36 shows a transmission characteristic of the 
front-stage band-pass filter in the embodiments of 
the present invention; 

FIG. 37 shows a transmission characteristic of the 
back-stage band-pass filter in the embodiments of 
the present invention; 

FIG. 38 shows a transmission characteristic of a 
band-pass filter whose front-stage and back stage 
are connected in series in the embodiments of the 
present invention; 

FIG. 39 shows a transmission characteristic of the 
front-stage band-pass filter in the embodiments of 
the present invention when the center frequency 
has been adjusted; 

FIG. 40 shows a transmission characteristic of a 
band-pass obtained by connecting the band-pass 
filter of FIG. 39 and the band-pass filter of FIG. 37 
in series; 

FIG. 41 is a sectional view of a filter apparatus ac- 
cording to a tenth embodiment of the present inven- 
tion; 

FIG. 42 is a sectional view of a filter apparatus ac- 
cording to an eleventh embodiment of the present 
invention; 

FIG. 43 is a sectional view of a filter apparatus ac- 
cording to a twelfth embodiment of the present in- 
vention; 

FIG. 44 is a sectional view of a filter apparatus ac- 
cording to a thirteenth embodiment of the present 
invention; 

FIG. 45 is a sectional view of a filter apparatus ac- 
cording to a fourteenth embodiment of the present 
invention; 

FIG. 46 is a sectional view of a filter apparatus ac- . 
cording to a fifteenth embodiment of the present in- 
vention; 

FIGS. 47A and 47B show the main configuration of 
a filter apparatus according to a sixteenth embodi- 
ment of the present invention and its filter charac- 
teristic, respectively; 

FIGS. 48A and 48B are a plan view of a filter appa- 
ratus according to a seventeenth embodiment of 
the present invention and a plan view of a compar- 
ative example, respectively; 

FIG. 48C shows filter characteristics of the seven- 
teenth embodiment and the comparative example; 
FIGS. 49A and 49B are a plan view and sectional 
view of a filter apparatus according to an eighteenth 
embodiment of the present invention, respectively; 
FIGS. 50A and 50B are a plan view and sectional 
view of a filter apparatus according to a nineteenth 
embodiment of the present invention, respectively; 
FIG. 51 is a sectional view of a high-frequency de- 
vice according to a twentieth embodiment, with the 
front-stage or back-stage filter substrate assem- 
bled; 

FIG. 52 shows the front-stage and back-stage 
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band-pass filters connected in series in the twenti- 
eth embodiment; 

FIG. 53 shows the front-stage and back-stage 
band-pass filters connected in a folding manner in 
the twentieth embodiment; 

FIG. 54 is a sectional view showing an example of 
the front-stage and back-stage band-pass filters as- 
sembled back to back in the twentieth embodiment; 
and 

FIG. 55 is a sectional view showing a detailed meth- 
od of connecting the VXV part in FIG. 54. 

[0028] Hereinafter, referring to the accompanying 
drawings, embodiments of the present invention will be 
explained. 

(First Embodiment) 

[0029] FIG. 1 shows a microwave high-frequency de- 
vice according to a first embodiment of the present in- 
vention. More specifically, FIG. 1 is a sectional view of 
a band-pass filter capable of adjusting the passing fre- 
quency band. 

[0030] The band-pass filter of the first embodiment 
has a microstrip line structure where a plurality of reso- 
nating elements 12, an input line 13, and an output line 
1 4 are formed on the surface of a dielectric substrate 1 1 
and a ground plane 15 is formed on the back of the di- 
electric substrate 1 1 . The dielectric substrate 1 1 is made 
of a dielectric material whose dielectric loss factor is 
small. For example, Al 2 0 3 (sapphire), MgO, or LaAI0 3 
may be used as the dielectric material. 
[0031] The resonating elements 12, input line 13, out- 
put line 1 4, and ground plane 1 5 are made of supercon- 
ductive materials. Re 1 Ba 2 Cu 3 O x (Re is such a rare 
earth element as Y, Ho, or Yb), oxide superconductors 
of the Bi family, or oxide superconductors of the Tl family 
may be used as superconductive materials. 
[0032] Above the dielectric substrate 11 , a dielectric 
plate 1 6 made of a dielectric material (such as Al 2 0 3 
(sapphire) MgO, or LaAI0 3 ) whose dielectric loss factor 
is small is provided almost in parallel with the surface of 
the dielectric substrate 1 1 in such a manner that it faces 
the substrate. The dielectric plate 1 6 is also provided so 
as to cover the plurality of resonating elements 1 2, the 
gaps between the individual resonating elements 12, 
the gap between a resonating element 12 and the input 
line 13, and the gap between a resonating element 12 
and the output line 14. 

[0033] FIGS. 2A and 2B are plan views showing the 
positional relationship between the dielectric plate 16 
and resonating elements and others. FIG. 2A shows an 
example of providing the dielectric plate 16 in such a 
manner that the plate 16 covers the individual resonat- 
ing elements 12 and all the gaps between the individual 
resonating elements 12. FIG. 2B shows an example of 
providing the dielectric plate 16 in such a manner that 
the plate 16 covers more than half of the individual res- 
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onating elements 12 and the gaps between the individ- 
ual resonating elements 12. 

[0034] The dielectric plate 1 6 is provided with a spac- 
ing adjusting member 17 for adjusting the spacing be- 
5 tween the surface of the dielectric substrate 1 1 and the 
facing surface of the dielectric plate 16. Moving the 
spacing adjusting member 17 vertically in a through hole 
made in a package 1 8 enables the dielectric plate 1 6 to 
move in the direction perpendicular to the surface of the 
10 dielectric substrate 1 1 , while keeping the dielectric plate 
1 6 in parallel with the dielectric substrate 11 . 
[0035] At the band-pass filter, a passband is produced 
as a result of the superposition of resonances of the in- 
dividual resonating elements. The factors that deter- 
15 mine the passing frequency are the length of the reso- 
nating elements and the effective permittivity and effec- 
tive permeability of the medium surrounding the reso- 
nating elements. The factors that determine the skirt 
characteristics and ripples are the unloaded Q values of 
20 the resonating elements, the coupling between the res- 
onating elements, and the coupling between the reso- 
nating elements and the input and output lines. The cou- 
pling between the resonating elements and the coupling 
between the resonating elements and the input and out- 
25 put lines are determined by the length of the gap be- 
tween them and the effective permittivity and effective 
permeability of the medium surrounding them. 
[0036] In a tunable band-pass filter with the configu- 
ration as shown in FIG. 1, when the spacing between 
30 the dielectric plate 16 and dielectric substrate 11 is 
changed by moving the dielectric plate 1 6 vertically, the 
effective permittivity changes on the whole and there- 
fore the resonance frequencies of all the resonating el- 
ements 1 2 shift uniformly, with the result that the trans- 
35 mission characteristic of the filter shifts on the frequency 
axis. At this time, the coupling between the resonating 
elements 12 and the electromagnetic coupling between 
the resonating elements 12 and input line 13 and be- 
tween the resonating elements 12 and output line 14 al- 
40 so change at the same time. Forthis reason, it has been 
considered that the skirt characteristic of the filter and 
its ripples would differ from the initial characteristics and 
ripples. 

[0037] However, the inventors of this application have 
45 found out the following fact for the first time: the dielec- 
tric plate 1 6 is provided so as to cover all the resonating 
elements 12, the gaps between the individual resonat- 
ing elements 1 2, the gap between a resonating element 
12 and input line 13, and the gap between a resonating 
so element 1 2 and output line 14 as shown in FIGS. 2A and 
2B, and then the dielectric plate 1 6 is moved, while being 
kept in parallel with the dielectric substrate 11 , that is, 
the dielectric plate 16 is moved in such a manner that 
the positional relationship between each of the areas 
55 and the dielectric plate 16 changes equally, with the re- 
sult that changes in the aforementioned skirt character- 
istics and ripples can be prevented. 
[0038] Use of a dielectric material whose dielectric 
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loss factor is small for the dielectric plate 16 enables a 
tunable band-pass filter to be obtained almost without 
alleviating the unloaded Q values of the resonating ele- 
ments or the insertion loss and skirt characteristics of 
the filter. 5 
[0039] Hereinafter, as an example of a band-pass fil- 
ter having the basic configuration as shown in FIG. 1, 
an example of producing a filter with a 1.9-GHz-band 
microstrip line structure will be explained. 
[0040] A 0.5-mm-thick, 30-mm-diameter LaAI0 3 sub- 10 
strate was used as the dielectric substrate 1 1 . On both 
sides of the dielectric substrate. 11, a superconductor 
thin film of the Y family was formed to a thickness of 500 
nm by sputtering techniques. The superconductor thin 
film formed on the back side of the substrate was made is 
a ground plane 15. The superconductor thin film formed 
on the front side of the substrate was processed by ion 
milling techniques to form five resonating elements 12 
with a desired resonance frequency, input line 13, and 
output line 1 4, thereby forming a band-pass filter with a 20 
microstrip line structure. Each resonating element 12 
had the same shape with a width of about 170 p.m and 
a length of about 20.2 mm and has a passband center 
frequency of about 1 .9 GHz. 

[0041] A copper cover 18 is mounted on the filter 25 
formed as described above. A copper screw acting as 
the spacing adjusting member 1 7 is set in a through hole 
made in the center of the cover. At the tip of the screw, 
the dielectric plate 1 6 made of a 0.5-mm-thick, 28-mm- 
diameter Al 2 0 3 (sapphire) is provided. By turning the 30 
screw, the dielectric plate 16 can be brought close to or 
separated away from the filter element. 
[0042] The filter characteristics were evaluated as fol- 
lows. The element produced as described above was 
put in a refrigerator and cooled down to 60K. In this 35 
state, the microwave power transmission characteristic 
and reflection characteristic of the filter were measured 
with a vector network analyzer. 

[0043] FIG. 3 shows the relationship between the dis- 
tance between the filter elements on the dielectric sub- 40 
strate 1 1 and the dielectric plate 1 6 and a variation Af in 
the passband center frequency. FIG. 4 shows the result 
of measuring S parameter S21 (transmission character- 
istic) when the distance between the filter elements and 
the dielectric plate is varied, in FIG. 4, the characteristic 45 
before tuning was obtained when the distance between 
them was 1 mm or more and the characteristic after tun- 
ing was obtained when the distance between them was 
0.25 mm. Although making the distance shorter caused 
the passband to shift toward the low frequency side, so 
there was no change in the in-band characteristics, in- 
cluding the insertion loss, bandwidth, and ripples. 
[0044] While in the above embodiment, Al 2 0 3 (sap- 
phire) was used for the dielectric plate 1 6, use of MgO 
produced the same effect. When LaAI0 3 was used for 55 
the dielectric plate 16, the amount of shift of the pass- 
band was about 1 .5 times as large as that when Al 2 0 3 
or MgO was used. 



[0045] As described above, in the first embodiment, it 
is possible to adjust only the center frequency of the 
passband without sacrificing a decrease in the loss 
caused by the superconductivity of the resonating ele- 
ments or changing the ripples, skirt characteristics, and 
bandwidth. 

[0046] For comparison's sake, a filter whose basic 
configuration was the same as that of the above con- 
crete example but differed in the way the dielectric plate 
16 was provided was measured in the same manner. 
Specifically, the dielectric plate was provided in such a 
manner it was inclined so that the value of the expres- 
sion 2 x (L - S)/(L + S) may be larger than 0.3, where 
the maximum value and minimum value of the spacing 
between the surface of the dielectric plate 1 6 facing the 
dielectric substrate 11 and the surface of the supercon- 
ductor film constituting the resonating elements 12 are 
Lands respectively. In this case, there arose a problem: 
ripples in the in-band transmission characteristics in- 
creased or the symmetry collapsed. 
[0047] As a modification of the first embodiment, an 
element as shown in FIG. 5 was formed. Its basic con- 
figuration is the same as that of FIG. 1. The component 
parts corresponding to the component parts shown in 
FIG. 1 are indicated by the same reference numerals. 
The modification of FIG. 5 differs from the example of 
FIG. 1 in that a superconductor film 20 is formed on the 
surface of the dielectric plate 1 6 opposite to its surface 
facing the filter elements 12. With such a configuration, 
when the microwave transmission characteristic was 
measured in the same manner as described above f a 
greater frequency variable width than that of the config- 
uration of FIG. 1 was obtained. 

[0048] With the first embodiment, the dielectric plate 
is provided so as to be almost in parallel with the surface 
of the substrate at which a filter has been formed and to 
cover the resonating elements and the gaps between 
the individual resonating elements. Adjusting the spac- 
ing between the dielectric plate and the substrate at 
which the filter has been formed enables the transmis- 
sion characteristic of the filter to be adjusted easily and 
accurately without variations in the skirt characteristics, 
ripple characteristic, and the like. 

(Second Embodiment) 

[0049] FIG. 6 is a sectional view of a microwave high- 
frequency device according to a second embodiment of 
the present invention. Because the basic configuration 
of the second embodiment is similar to that of the first 
embodiment, the same parts as those of the first em- 
bodiment are indicated by the same reference numer- 
als. The same holds true for a third and later embodi- 
ments. 

[0050] In the second embodiment, too, a band-pass 
filter has a microstrip line structure where a plurality of 
resonating elements 12 are formed on the surface of a 
dielectric substrate 11 and a ground plane 15 is formed 
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*on the back of the dielectric substrate 11 . The dielectric 
substrate 1 1 , resonating elements 1 2, and ground plane 
1 5 are made of the same material as that in the first em- 

-bodiment. 

[0051] The resonating elements 12 and ground plane. 

1 5 are obtained by forming a superconductor film on the 
surface and back of the dielectric substrate 11 by such 
techniques as CVD, vacuum deposition, sputtering, or 
pulse laser ablation and then processing the supercon- 
ductor film formed on the surface of the dielectric sub- 
strate 11 by ion milling techniques to get a desired res- 
onance frequency. 

[0052] Above the dielectric substrate 1 1 , the same di- 
electric plate 16 as that in the first embodiment is pro- 
vided so as to be substantially in parallel with the surface 
of the dielectric substrate 11 . 

[0053] Like FIGS. 2A and 2B, FIGS. 7 A and 7B show 
the positional relationship between the dielectric plate 

16 and the resonating elements 12 and others. In the 
example of FIG. 2A, the dielectric plate 1 6 faces almost 
all the surface of the dielectric substrate 11 excluding 
the connection area between the power input/output ter- 
minal 13 or 14 and the resonating elements 12. That is, 
the dielectric plate 16 is provided so as to cover all the 
area including the plurality of resonating elements 12 
and the gaps between the individual resonating ele- 
ments 12. The positional relationship between the die- 
lectric plate 16 and the resonating elements 12 may be 
such that the dielectric plate 1 6 is provided so as to cov- 
er more than half of the individual resonating elements 
12 and the gaps between the individual resonating ele- 
ments. 

[0054] In both of FIGS. 7A and 7B, the distance d2 
from the input/output terminal 13 or 14 to the dielectric 
plate 16 is at least three times or more, preferably 10 
times or more, as large as the line width d1 of a reso- 
nating element 12. When the distance is shorter than 
these values, this has an adverse effect on the trans- 
mission characteristic of high-frequency power. 
[0055] In the third or later embodiments, too, it is de- 
sirable that the basic positional relationship between the 
dielectric plate 1 6, resonating elements 12, input/output 
terminals 13, 14, and others should be as shown in 
FIGS. 7A and 7B. 

[0056] In the second embodiment, a post-like spacing 
adjusting member 1 7 for adjusting the spacing between 
the surface of the dielectric substrate 11 and the facing 
surface of the dielectric plate 16 is provided at each of 
the ends of the dielectric plate 16. Between a holder 18 
on which the dielectric substrate 11 is placed and the 
dielectric plate 1 6, a spacer 1 0 made of an elastic mem- 
ber, such as a spring, is provided. 
[0057] The up-and-down movement of the dielectric 
plate 16 by the spacing adjusting members 17 enables 
the dielectric plate 16 to move in the direction perpen- 
dicular to the surface of the dielectric substrate 1 1 , while 
keeping the dielectric plate 1 6 in parallel with the dielec- 
tric substrate 1 1 . 



[0058] The minimum distance (approximated by the 
horizontal distance L in FIG. 6) between the spacing ad- 
justing member 17 or spacer 10 and a resonating ele- 
ment 12 is at least three times or more, preferably ten 

s times or more, as large as the line width d1 of a reso- 
nating element 1 2. When the distance is too small, there 
is a possibility that an unnecessary resonance will ap- 
pear in the transmission characteristic of the filter. 
[0059] FIG. 8 shows the transmission characteristic 

10 (the ripples) when the distance L between the spacing 
adjusting member 17 and resonating element 12 and 
the line width d1 of a resonating element 12 were varied. 
From this table, it is seen that, in a case where the spac- 
ing adjusting member 17 is made of a material whose 

15 dielectric loss factor is large, such as metal, a filter with 
a transmission characteristic suitable for practical use 
is obtained when the expression 3d1 ^ L, preferably 
10d1 ^ L, is fulfilled. 

[0060] Furthermore, when the spacing adjusting 
20 member 1 7 is made of a material whose dielectric loss 
factor is large, such as metal, and is just above the filter 
forming area as in the first embodiment, the distance 
has to be made still larger. FIG. 9 shows the ripple ap- 
pearing when the distance (I shown in FIG. 11 ) between 
25 the dielectric plate 16 and the resonating elements 12 
is made constant (at I = 0.2 mm) and the distance (L 
shown in FIG. 11) between the spacing adjusting mem- 
ber 17 and the resonating elements 12 is varied by 
changing the thickness of the dielectric plate 16. It is 
30 desirable that the distance should be 20 times or more, 
preferably 50 times or more, as large as the line width 
d1 of the resonating element 1 2. 
[0061] However, even if the spacing adjusting mem- 
ber 1 7 is above the filter forming area, when the spacing 
35 adjusting member 17 is made of a material whose die- 
lectric loss factor is small, such as sapphire, the distance 
has only to be 0.5 mm or more, preferably 1 mm or more, 
regardless of the width d1 of the resonating element 12 
as shown in FIG. 10. 
40 [0062] The minimum distance between the spacing 
adjusting member 17 and resonating element 12, with 
the spacing adjusting member 1 7 above the filter form- 
ing area, was approximated by the distance L between 
the top surface of the dielectric plate 1 6 and the top sur- 
45 face of the resonating element 12 as shown in FIG. 11 . 
In this approximation, the data in FIGS. 9 and 10 was 
obtained. 

[0063] As described above, with the second embodi- 
ment, the distance between the spacing adjusting mem- 

50 ber 17 and the resonating elements 12 is made larger 
than a specif ic value, which makes it possible to obtain 
a filter whose skirt characteristic is sharp and whose 
center frequency is variable, while keeping the skirt 
characteristic and the filter characteristics, such as the 

55 bandwidth, unchanged. 

[0064] Hereinafter, concrete examples of the second 
embodiments will be explained. 
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(Concrete Example 1 ) 

[0065] As shown in FIGS. 6, 7A and 7B, 500-nm-thick 
superconductor films were formed by pulse laser abla- 
tion techniques on both sides of a 1-mm-thick, 50-mm- 
diameter LaAI0 3 monocrystalline substrate 1 1 and then 
the superconductor film on one side was processed by 
lithographic techniques to form the patterns of resonat- 
ing elements 12. This substrate 11 was put on the 
grounded holder 18 and secured there with a jig (not 
shown). In addition, above the holder 18, a 1-mm-thick 
sapphire plate 16 was placed via a plurality of springs 
1 0 with a spacing of 1 .5 mm between the holder 1 8 and 
the plate 16. The filter formed as described above was 
used as a microwave communication filter for about 2 
GHz, while it was being cooled down to 77 K. From the 
use of the filter, it was verified that the filter had a sharper 
attenuation characteristic than that of a filter using Cu 
and that changing the distance between the supercon- 
ductor film and the sapphire plate by the spacing adjust- 
ing member 1 7 caused the center resonance frequency 
of 2 GHz to be changed by 20 MHz. 

(Concrete Example 2) 

[0066] In the members formed as in concrete example 
1, the member 17 for changing the distance between 
the superconductor film and the sapphire plate was 
made of sapphire and was placed above the filter form- 
ing area. When such a filter was used as a microwave 
communication filter for about 2 GHz, it was verified that 
the filter had a sharper attenuation characteristic than 
that of a filter using Cu and was able to not only change 
the center resonance frequency of 2 GHz by 20 MHz 
but also make corrections, such as eliminating ripples 
in the band. 

(Third Embodiment) 

[0067] FIG. 12 is a sectional view of a microwave 
high-frequency device according to a third embodiment 
of the present invention. 

[0068] In the third embodiment, the dielectric plate 1 6 
is attached to a metal holding jig 21 whose cross section 
is shaped like a squared U by means of fixing members 
22. The holding jig 21 is provided on a lift jig 23 support- 
ed by a metal case 24. By moving up and down the hold- 
ing jig 21 with the lift jig 23, the distance between the 
dielectric substrate 11 and the dielectric plate 1 6 can be 
changed. At least three or more adjusting screws 25 en- 
able the surface of the dielectric substrate 11 and the 
facing surface of the dielectric plate 16 to be adjusted 
so as to be in parallel with each other. 
[0069] In the third embodiment, a filter with excellent 
characteristics can be obtained as in the second em- 
bodiment. 



(Fourth Embodiment) 

[0070] FIG. 13 is a sectional view of a microwave 
high-frequency device according to a fourth embodi- 

5 ment of the present invention. 

[0071] While in the first to third embodiments, the su- 
perconductor film constituting the resonating elements 
12 and the superconductor film constituting the ground 
plane 15 have been formed on the top surface and bot- 

10 torn surface of the same dielectric substrate, the reso- 
nating elements 12 are formed at the main surface of 
the dielectric plate 16 that faces the dielectric substrate 
11 in the fourth embodiment. 

[0072J In FIG. 13, the dielectric plate 16 is attached 
is to the holding jig 21 as in the example of FIG. 12 in such 
a manner that the plate 1 6 faces the dielectric substrate 
11 . By moving up and down the dielectric plate 16 at- 
tached to the holding jig 21, the dielectric plate 16 on 
which the resonating elements 12 have been formed 
zo can be moved in the direction perpendicular to the die- 
lectric substrate 1 1 on which the ground plane has been 
formed. 

[0073] As described above, providing the resonating 
elements 1 2 on the movable dielectric plate 1 6 enables 

25 the variation of the thickness of the dielectric plate from 
one substrate to another to be absorbed. Furthermore, 
it is possible to prevent variations in the characteristics 
as a result of an abnormality in the interface that might 
occur if the resonating elements 12 were provided on 

30 the dielectric substrate 11 . 

[0074] FIG. 1 4 is a sectional view of a modification of 
the fourth embodiment. In contrast with the example of 
FIG. 1 3, the dielectric substrate 1 1 on which the ground 
plane 15 has been formed is attached to the holding jig 

35 21 in such a manner that the substrate 11 faces the di- 
electric plate 16 on which the resonating elements 12 
have been formed. The dielectric substrate 11 attached 
to the holding jig 21 is caused to move up and down. In 
this way, either the dielectric substrate 11 on which the 

40 ground plane 1 5 has been formed orthe dielectric plate 
16 on which the resonating elements 12 have been 
formed may be moved. 

[0075] Here, it is assumed that the positional relation- 
ship between the dielectric substrate 1 1 sandwiched be- 

^5 tween the ground plane 15 and resonating elements 12 
or between the dielectric plate 1 6 and the resonating el- 
ements 12 is the same as that in FIG. 2A or FIG. 2B. 
[0076] FIG. 1 5 is a sectional view of still another mod- 
ification of the fourth embodiment. While, in the exam- 

50 pies of FIGS. 13 and 14, either the dielectric substrate 
1 1 or dielectric plate 1 6 has been movable vertically, the 
spacing between the dielectric substrate 11 and the di- 
electric plate 16 is adjusted for frequency adjustment 
and thereafter the dielectric substrate 11 and dielectric 

55 plate 1 6 are fixed via a spacer 35 in this modification. 
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•"(Fifth Embodiment) 

[0077] FIG. 16 is a sectional view of a microwave 
-Tiigh -frequency device according to a fifth embodiment 
of the present invention. 

[0078] The basic configuration of the fifth embodiment 
is the same as that of FIG. 6 except that post-like mem- 
bers 1 7c made of a dielectric material whose dielectric 
loss factor (tan 5) is small are provided on the dielectric 
plate 16 as a spacing adjusting member for adjusting 
the spacing between the dielectric substrate 11 and the 
dieiectric plate 16. Although MgO : AI 2 Q 3 (sapphire), 
LaAI0 3 , or the like may be used as the dielectric mate- 
rial, sapphire is best because it has a great mechanical 
strength. 

[0079] Use of the post-like members 17c made of a 
dieiectric materia! whose dieiectric loss factor (tan 8) is 
small prevents a disturbance, such as an unnecessary 
resonance, from appearing in the transmission charac- 
teristic, even if the dielectric plate 16 has touched the 
resonating elements 12. Furthermore, the correction of 
the transmission characteristic, such as the reduction of 
ripples, can be made by providing a plurality of post-like 
members 1 7c and adjusting the members independent- 
ly. 

[0080] FIGS. 1 7A and 1 7B show a modification of the 
fifth embodiment. FIG. 17A is a sectional view of the 
modification and FIG. 17B is its top view. 
[0081] The basic configuration of the modification is 
the same as that of FIG. 16 except that through holes 
43 are made in the dielectric plate 16 and penetration 
members 42 are provided in such a manner that the 
members 42 can move up and down in the through holes 
43. Like the post-like members 17c, the penetration 
members 42 are made of a dielectric material whose di- 
electric loss factor is small. The positions in which the 
penetration members 42 are provided are set near the 
ends of the superconductor pattern constituting the res- 
onating elements 12 as shown in FIG. 17B. 
[0082] The plurality of resonating elements 12 consti- 
tuting the filter must have the same resonance frequen- 
cy. Part of the resonating elements 12 might have dif- 
ferent resonance frequencies, because the permittivity 
or thickness of the plate varies at the surface of the di- 
electric substrate 11. In this case, a problem, such as 
ripples, arises in the passband. In this modification, to 
overcome this problem, the penetration members 42 
corresponding to the ends of the resonating elements 
12 whose resonance frequency has shifted are adjust- 
ed, thereby changing the effective length of the resonat- 
ing element, which makes a fine adjustment of the res- 
onance frequency. This makes it possible to correct the 
transmission characteristic of the filter. To change the 
center resonance frequency of the filter, the post-like 
members 17c are caused to press the dielectric plate 
16 at the places where the through holes 43 have not 
been made, thereby adjusting the spacing between the 
dielectric substrate 1 1 and dielectric plate 1 6 in the same 



manner as in FIG. 16. 

[0083] Hereinafter, a concrete example of the fifth em- 
bodiment will be explained. 

[0084] On a filter on which a plurality of straight-line 

5 resonating elements 1 2 were arranged in parallel, a sap- 
phire plate 1 6 (see FIG. 17A) in which through holes 43 
were made so as to correspond to the ends of the res- 
onating elements was provided. In addition, there were 
provided post-like members 17c made of sapphire 

10 which enabled the distance between the superconduc- 
tor film and sapphire plate to be varied and penetration 
members 42 made of sapphire. When the filter formed 
as described above was used as a microwave commu- 
nication filter for about 2 GHz, the attenuation charac- 

15 teristic of the filter was sharper than that of a filter using 
Cu and the center resonance frequency of 2 GHz was 
changed by 20 MHz. Furthermore, ripples in the pass- 
band were corrected more accurately by bringing the 
penetration members 42 close to the ends of a given 

20 resonating element via through holes made in the sap- 
phire plate. 

(Sixth Embodiment) 

25 [0085] FIGS. 18A and 18B are sectional views of a 
microwave high-frequency device according to a sixth 
embodiment of the present invention. FIG. 19 is a plan 
view of the high-frequency device. 
[0086] The sixth embodiment is such that both ends 
30 of the dielectric plate 16 are supported by an end sup- 
porting jig 71 and a post-like member 17c made of a 
dielectric material whose dielectric loss factor is small is 
provided near the center of the dielectric plate 16 as 
shown in FIG. 18A and that the post-like member 17c is 
35 pressed to bend the dielectric plate 1 6 as shown in FIG. 
18B. Instead of the post-like member 17c, a plate-like 
member 1 7d may be provided as shown in FIG. 20. Be- 
cause the support jig 71 is fixed in the sixth embodiment, 
the distance and parallelism between the dielectric plate 
40 16 and the superconductor f ilm constituting the resonat- 
ing elements 12 can be controlled with high accuracy. 
Moreover, the number of parts to be adjusted in varying 
the center frequency of the filter is smaller. 
[0087] The width W of the dielectric plate 1 6 is greater 
45 than the length Ls of the superconductor patterns con- 
stituting the resonating elements. Specifically, the width 
W is set to 1 .1 x Ls or more, preferably 1 .5 x Ls. If the 
width W is below such a range, the parallelism between 
the dielectric substrate 11 and dielectric plate 16 ex- 
50 ceeds the permitted range. This might cause a problem: 
when the frequency is changed, ripples will take place 
in the passband. 

(Seventh Embodiment) 

55 

[0088] FIG. 21 is a sectional view of a high-frequency 
device according to a seventh embodiment of the 
present invention. The main parts of the high-frequency 
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> device of the seventh embodiment are the same as 
those in the first embodiment (see FIG. 1) expect that 
the spacing adjusting member 17c provided on the die- 

r lectric plate 1 6 is driven by a piezoelectric element 87. 
[0089] Specifically, the piezoelectric element 87 is 5 
provided above the dielectric plate 16. The piezoelectric 
element 87 is such that a piezoelectric material 88 is 
sandwiched between an upper electrode 89 and a lower 
electrode 90. The ends of the piezoelectric element 87 
are secured by fixing sections 92 provided to a package 10 
91. For example, the overall plane shape (the plane 
shape of the side in parallel with the dielectric plate 1 6) 
of the piezoelectric element 87 may be rectangular. In 
this case, the places near the short sides of the rectan- 
gle facing each other are secured by the fixing sections 15 
92. 

[0090] The dielectric plate 16 and piezoelectric ele- 
ment 87 are connected via the connection member 1 7c. 
A rod-like member made of a dielectric material whose 
dielectric loss factor is small may be used as the con- 20 
nection member 1 7c. The rod-like member is secured 
to the top-surface central part of the dielectric plate 16 
and the bottom-surface central part of the piezoelectric 
element 87. 

[0091] A direct-current power supply 95 whose output 25 
voltage is variable is connected via wires 94 to the upper 
electrode 89 and lower electrode 90 of the piezoelectric 
element 87. The piezoelectric element 87 varies accord- 
ing to the voltage of the direct-current power supply 95 
applied between the upper electrode 89 and lower elec- 30 
trode 90. Since the ends of the piezoelectric element 87 
are fixed, the variation becomes the largest at the cen- 
tral part of the piezoelectric element 87, that is : at the 
place where the connection member 17c is connected. 
Because the dielectric plate 1 6 is connected via the con- 35 
nection member 1 7c to the central part of the piezoelec- 
tric element 87, the dielectric plate 16 moves up and 
down according to variations in the central part of the 
piezoelectric element 87. That is, with the dielectric plate 
16 in parallel with the dielectric substrate 11 , the dielec- 40 
trie plate 16 moves in the direction perpendicular to the 
surface of the dielectric substrate 11 , thereby adjusting 
the spacing between the dielectric plate 16 and the di- 
electric substrate 11 . 

[0092] Hereinafter, a concrete example of the present 45 
invention will be explained. 

[0093] As an example of a band-pass filter having the 
basic configuration as shown in FIG. 21 , a filter with a 
1.9-GHz-band microstrip line structure was formed. 
FIG. 22 is apian view showing the positional relationship so 
between the dielectric substrate 11 , dielectric plate 16, 
and piezoelectric element 87 in the seventh embodi- 
ment. 

[0094] An LaAL0 3 substrate with a thickness of about 
0.5 mm and a diameter of about 30 mm was used as ss 
the dielectric substrate 11 . On both sides of the dielectric 
substrate 11, superconductor thin films of the Y family 
are formed to a thickness of about 500 nm by sputtering 
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techniques. The superconductor thin film formed on the 
back of the substrate was made a ground plane 1 5. The 
superconductor thin film formed on the front side of the 
substrate was processed by ion milling techniques to 
form five resonating elements 12 with a desired reso- 
nance frequency, an input line 1 3, and an output line 1 4, 
thereby forming a band-pass filter with a microstrip line 
structure. Each resonating element 12 had the same 
shape with a width of about 1 70 \im and a length of about 
20.2 mm and had a passband center frequency of about 
1.9 GHz. 

[0095] The filter formed as described above was 
housed in the body of a copper package 91. Between 
its top and the cover of the package 91 , a bender-type 
piezoelectric element 87 (piezoelectric actuator) with a 
length of about 70 mm and a width of about 1 0 mm was 
provided with its ends fixed. Use of a piezoelectric ac- 
tuator whose plane shape is rectangular enables the 
stroke (the displacement) to be made larger. The upper 
electrode 89 and lower electrode 90 are insulated from 
the package 91 with a Teflon sheet (not shown). The 
direction in which the piezoelectric element 87 was in- 
stalled (or the direction of the long side) was set in the 
direction perpendicular to the direction in which the res- 
onating elements 12 were arranged (or the direction go- 
ing from the input line 13 to the output line 14). 
[0096] Furthermore, an Al 2 0 3 (sapphire) dielectric 
plate 1 6 with a thickness of about 0.5 mm and a diameter 
of about 28 mm was provided in the central part of the 
piezoelectric actuator 87 via a sapphire rod (connection 
member 17c) with a diameter of about 5 mm and a 
length of 10 mm. The spacing between the dielectric 
plate 1 6 and filter element 1 2 was set to about 0.35 mm, 
with no voltage applied to the piezoelectric actuator. 
[0097] FIG. 23 shows the result of measuring S pa- 
rameter S21 (or the transmission characteristic) of the 
filter when voltages of + 150 V and - 150 V were applied 
to the piezoelectric actuator. Changing the applied volt- 
age caused the dielectric plate to move up and down, 
which shifted the passband center frequency by about 
12 MHz. However, there was no change in the in-band 
characteristics, including the insertion loss, bandwidth, 
and ripples. 

[0098] While in the example, Al 2 0 3 (sapphire) was 
used for the dielectric plate 16, use of MgO produced 
the same effect. When LaAI0 3 was used for the dielec- 
tric plale 16, the amount of shift in the passband was 
about 1 .5 times as great as that in the case of Al 2 0 3 or 
MgO. 

[0099] As described above, with the seventh embod- 
iment, only the center frequency of the passband can 
be adjusted without sacrificing a decrease in the loss 
caused by the superconductivity of the resonating ele- 
ments or changing the ripples, skirt characteristics, and 
bandwidth. 

[0100] Hereinafter, a modification of the seventh em- 
bodiment will be explained. 

[0101] FIG . 24, which shows a first modification of the 
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.- seventh embodiment, is a plan view showing the posi- 
tional relationship between the dielectric substrate 11, 
dielectric plate 16, piezoelectric element 87, and fixing 

r portion 92 for the piezoelectric element 87. The basic 
configuration of the device is the same as that of FIG. 
21 . The overall basic cross-sectional shape is the same 
as that of FIG. 21 except that the plane shape of the 
piezoelectric element 87 is circular, whereas the overall 
plane shape of the piezoelectric element 87 in FIG. 21 
is rectangular. 

[0102] The same filter as that in the preceding con- 
crete example was formed. In the filter, the piezoelectric 
element 87 was so formed that it had a disk-like shape 
with a diameter of about 50 mm. The periphery of the 
piezoelectric element 87 was secured to the package 
91 with the fixing portion 92 extending along the entire 
periphery. 

[0103] Since the disk-type piezoelectric actuator had 
a smaller stroke than that of the bender type, the amount 
of shift in the center frequency of the filter was about 
half the amount of shift in a bender-type piezoelectric 
actuator with a length of about 70 mm. However, the par- 
allelism between the filter forming surface of the dielec- 
tric substrate 11 and the facing surface of the dielectric 
plate was better than that in the bender type. 
[01 04] FIG. 25, which shows a second modification of 
the seventh embodiment, is a sectional view in the di- 
rection perpendicular to the direction in which the reso- 
nating elements are arranged (or the direction of input 
and output). The basic configuration is the same as that 
of FIG. 12 except that springs 10 are inserted as elastic 
members between the dielectric substrate 11 and die- 
lectric plate 16 in this modification. 
[01 05] As described above, the springs 1 0 are provid- 
ed between the dielectric substrate 11 and dielectric 
plate 1 6 and the returning stress of the springs is applied 
vertically to the dielectric plate 16, which prevents the 
spacing between the dielectric substrate 11 and dielec- 
tric plate 1 6 from varying due to vibrations (for example, 
vibrations caused by a refrigerator or the like for cooling 
the filter) and further the characteristics of the filter from 
being unstable. 

[0106] FIG. 26 shows a third modification of the sev- 
enth embodiment. While, in the modifications explained 
above, a single piezoelectric element has been used as 
a piezoelectric portion, a plurality of piezoelectric areas 
constitute a piezoelectric portion in the third modifica- 
tion. 

[0107] In the example of FIG. 26, a piezoelectric por- 
tion is composed of two piezoelectric elements 87a, 
87b. One end of each piezoelectric element is secured 
to a fixing portion 92 in a similar manner to the way 
shown in FIG. 21 and the other end is connected to a 
connection member 17c. The other end may be con- 
nected directly or via the member joining both of the pi- 
ezoelectric elements 87a and 87b to the connection 
member 17c. The upper electrodes 89a and 89b and 
lower electrodes 90a and 90b of the piezoelectric ele- 



ments 87a and 87b are set to the same potential using 
wires (Au wires) 96. This modification also produced the 
same effect as that of the above concrete examples. 
[0108] Instead of connecting the piezoelectric ele- 

5 ments 87a and 87b with the wires 96, the piezoelectric 
elements 87a and 87b may be controlled independently, 
thereby displacing them independently. Independent 
control of the piezoelectric elements 87a and 87b ena- 
bles the tilt angle of the dielectric plate 1 6 to the dielec- 

10 trie substrate 11 to be adjusted, which makes it possible 
to adjust the parallelism between the filter forming sur- 
face of the substrate 11 and the facing surface of the 
dielectric plate 1 6 accurately. 

[0109] Next, a high-frequency apparatus using the 
15 aforementioned high-frequency devices (see FIGS. 21 
to 26) using the aforementioned piezoelectric elements 
will be explained. 

(Eighth Embodiment) 

20 

[0110] FIG. 27 is a block diagram schematically show- 
ing the configuration of a high-frequency apparatus ac- 
cording to an eighth embodiment of the present inven- 
tion. The high-frequency apparatus comprises a fre- 
25 quency variable device (high-frequency device) 97 hav- 
ing the configuration described in the seventh embodi- 
ment (see FIG. 21 ), a memory section 98, and a voltage 
control section 99. 

[0111] In the memory section 98, information about a 
30 hysteresis loop showing the relationship between the 
applied voltage to the piezoelectric element in the fre- 
quency variable device 97 and the center frequency of 
the filter is stored in a first memory 98a and information 
about the present operating point (determined by the 
35 present applied voltage and the center frequency) on 
the hysteresis loop is stored in a second memory 98b. 
It is desirable that information about a plurality of hys- 
teresis loops should be stored. 

[0112] The voltage controller 99, which is composed 
40 of a controller 99a and a voltage generator 99b, deter- 
mines the change process (or change route) of the ap- 
plied voltage on the basis of the information stored in 
the memory 98 in changing the center frequency of the 
filter and applies the voltage to the piezoelectric element 
45 according to the determined change process. 

[0113] Next, the operation of the high-frequency ap- 
paratus of the eighth embodiment will be explained by 
reference to FIG. 28. FIG. 28 shows a hysteresis loop 
for the applied voltage to the piezoelectric element and 
so the center frequency of the filter. As shown in the figure, 
the route the center frequency takes in raising the volt- 
age differs from the route the center frequency takes in 
lowering the voltage. 

[0114] First, a first example of the operation will be 
55 explained. In the eighth embodiment, when the center 
frequency is changed using the same hysteresis loop, 
the center frequency is so set that it takes the shortest 
route (or that the shortest time is achieved). Hereinafter, 
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a case where the center frequency is set on the hyster- 
esis loop shown by a solid line in FIG. 28 will be ex- 
plained. 

[0115] For instance, consider a case where the 
present operating point is at P3 (with the center frequen- 5 
cy f3) and the center frequency is changed to f2. There 
are P2 and P8 as operating points corresponding to the 
center frequency f2. In this case, because of the nature 
of the hysteresis, the voltage at the operating point P3 
cannot be dropped directly to the voltage at the operat- 
ing point P2 or P8. For this reason, the voltage at the 
operating point P3 is dropped in such a manner that it 
passes through the lowest voltage (-150 V) or highest 
voltage (+ 150 V) of the hysteresis loop and reaches the 
voltage at the operating point P2 or P8. 
[01 1 6] That is, to set the voltage at the operating point 
P2, the voltage is dropped from point P3 (assumed to 
be voltage V3) to point P1 (assumed to be voltage V1) 
temporarily and thereafter raised to point P2 (assumed 
to be voltage V2). To set the voltage at the operating 
point P8, the voltage is raised from point P3 (voltage V3) 
to point P5 (voltage V5) temporarily and thereafter 
dropped to point P8 (voltage V8). Since the variation in 
the voltage in the former case is (V3 - V1) + (V2 - V1) 
and that in the latter case is (V5 - V3) + (V5 - V8), the 
former is smal ler in the variation in the voltage and there- 
fore enables the time required for setting to be made 
shorter. Accordingly, the voltage controller 99 sets the 
operating point to P2 (or the voltage of the voltage gen- 
erator 99b to V2), that is, the center frequency to f2. 
[01 1 7] Now, consider a case where the present oper- 
ating point is at P2 (the center frequency f2) and the 
center frequency is changed to f3. There are P3 and 97 
as operating points corresponding to the centerf requen- 
cy f3. In this case, to minimize the variation in the volt- 
age, it is apparent that the voltage should be raised from 
the operating point P2 directly to the operating point P3. 
When the present operating point is unknown, however, 
the voltage cannot help being caused to pass through 
the lowest voltage (-1 50 V) or the highest voltage (+1 50 
V) of the hysteresis loop and be set to the voltage at the 
operating point P3 or 97. 

[0118] In this example of the operation, however, 
since the second memory 98b stores the present oper- 
ating point P2 (voltage V2), the controller 99a gives to 
the voltage generator 99b an instruction to raise the volt- 
age from the present operating point P2 (voltage V2) 
directly to the operating point P3 (voltage V3) on the ba- 
sis of information about the hysteresis loop stored in the 
first memory 98a. This makes it possible to set the op- 
erating point to P3, or the center frequency to f3. 
[01 1 9] As described above, because not only the hys- 
teresis loop characteristic but also the operating point 
currently set is stored, such a route as minimizes the 
variation in the voltage can be selected, which enables 
the center frequency to be changed reliably in a short 
time. 

[01 20] To verify the aforementioned effect, the center 



frequency was changed 20 times at random using the 
operating point P3 as the initial state, taking into account 
five types of center frequencies, f1 to f5, in FIG. 28. As 
a result, the average required time was about 0.24 mil- 
lisecond. For comparison's sake, when the voltage was 
caused never to fail to pass through the lowest voltage 
or highest voltage on the hysteresis loop and the center 
frequency was changed 20 times at random, the aver- 
age required time was about 0.42 millisecond. 
[0121] Next, a second example of the operation will 
be explained. In this operation, storing a plurality of hys- 
teresis loops makes it possible to select such a hyster- 
esis loop as minimizes the absolute value of the applied 
voltage in setting the center frequency. Hereinafter, the 
operation will be explained concretely by reference to 
FIG. 28. 

[01 22] For instance, consider a case where the center 
frequency is set to f4. When the center frequency f4 is 
set using a hysteresis loop shown by a solid line, P4 
(with a voltage of about 1 00 V) or P6 (with a voltage of 
about 50 V) becomes an operating point. The applica- 
tion of such a high voltage to the piezoelectric element 
continuously for a long time is undesirable from the 
viewpoint of the characteristic and reliability of the ele- 
ment. In this example of the operation, a plurality of hys- 
teresis loops, including the hysteresis loop shown by the 
solid line and the hysteresis loop shown by a dotted line, 
are stored in the first memory 98a. When the center fre- 
quency is set to f4, the hysteresis loop shown by the 
dotted line is used in place of the hysteresis loop shown 
by the solid line, which causes the voltage at the oper- 
ating point (the black point in the figure) corresponding 
to the center frequency f4 to be set close to 0 V. When 
the operating point is set by changing another hysteresis 
loop to the dotted-line hysteresis loop as described 
above, the voltage is caused to pass through the lowest 
voltage (-200 V) or the highest voltage (+200 V) of the 
hysteresis loop and thereafterthe operating point is set. 
[0123] Since, in this example of the operation, a plu- 
rality of hysteresis loops have been stored, selecting a 
suitable hysteresis loop according to the centerfrequen- 
cy enables the voltage applied to the piezoelectric ele- 
ment to be made lower. 

[0124] In the high-frequency devices described in the 
first to seventh embodiments, the dielectric plate is pro- 
vided so as to be almost in parallel with the surface of 
the substrate on which a filter has been formed and fur- 
ther to cover the resonating elements and the gaps be- 
tween the resonating elements. Adjusting the spacing 
between the dielectric plate and the substrate on which 
the filter has been formed enables the transmission 
characteristic of the filter to be adjusted easily with high 
accuracy without variations in the skirt characteristics, 
ripple characteristic, and the like.- In addition, with the 
high-frequency apparatus of the eighth embodiment, 
the relationship between the voltage applied to the pie- 
zoelectric portion and the center frequency correspond- 
ing to the applied voltage is stored, which makes it easy 
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to set the optimum center frequency of the high-frequen- 
cy apparatus easily. 

[0125] The passing frequency (transmission charac- 
teristic), skirt characteristic, ripple characteristic, inser- 
" tion loss characteristic, and the like of the filter are influ- 
enced by the effective permittivity of the medium around 
the resonating elements. In the present invention, the 
individual resonating elements and the gaps between 
the individual resonating elements are covered with the 
dielectric plate, with the result that the relationship be- 
tween each resonating element and the dielectric plate 
and the relationship between the gaps between the in- 
dividual resonating elements and the dielectric plate are 
equal. For this reason, the dielectric plate is moved in 
the direction perpendicular to the surface of the sub- 
strate and the spacing between the facing surface of the 
dielectric plate and the surface of the substrate is 
changed, while the former is being kept in parallel with 
the latter. This enables the effective permittivity to 
change uniformly in each area. Accordingly, the influ- 
ence of the effective permittivity on each resonating el- 
ement and that on the coupling between the individual 
resonating elements can be made equal. This makes it 
easy to shift the passing frequency of the filter accurate- 
ly, while maintaining the skirt characteristics, ripple char- 
acteristic, and the like of the filter. 
[0126] In the case of a filter with a large number of 
frequency adjusting screws on the resonating elements 
and on the gaps between the resonating elements ex- 
plained in the prior art, the adjustment of each screw 
must be made accurately and the position of each screw 
must be changed according to the pattern of the filter. 
This makes it very difficult to control the filter character- 
istic accurately. With the present invention, however, the 
resonating elements and the gaps between the resonat- 
ing elements are integral with the dielectric plate and 
they move as a single unit in making frequency adjust- 
ments. This enables the filter characteristics to be con- 
trolled easily, regardless of the pattern of the filter. 
[01 27] Next, a device package suitable for the opera- 
tion of the high-frequency devices explained in the first 
to seventh embodiments at ultra-low temperature will be 
explained. 

(Ninth Embodiment) 

[0128] FIG. 29 is a sectional view showing an overall 
configuration of a high-frequency device according to a 
ninth embodiment of the present invention. 
[0129] A filter using a superconductor film is used at 
ultra- low temperatures lower than 77K. Therefore, it is 
necessary to combine the filter with a refrigerator. In that 
case, thermal insulation must be applied. For this rea- 
son, it is desirable the filter should be placed in a vacu- 
um. It is necessary to continue evacuating the container 
with a vacuum pump or hermetically seal the container 
after evacuating the container It is important to deter- 
mine how to move the dielectric plate in such an envi- 



26 
ronment. 

[0130] In the example of FIG. 29, a member (herein- 
after, referred to as an element component member) 51 
composed of a dielectric substrate, resonating ele- 

5 ments, a ground plane, a dielectric plate, and others as 
described in each of the aforementioned embodiments 
is placed on a cold head 55 cooled by a refrigerator 54. 
A support jig 52 for moving a jig that holds the dielectric 
plate is provided on a support flange 56. To reduce the 

10 power consumption of the refrigerator, it is desirable that 
the support jig 52 should be made of a material whose 
thermal conductivity is low, such as metal, ceramic, or 
resin, or be connected via a member made of one of 
these materials. The flange 56 is hermetically provided 

is on a vacuum container 53 via bellows 57. 

[0131] The element component member 51 is set in 
such an apparatus. The apparatus is then evacuated via 
an air outlet 58 with a pump (not shown) and hermeti- 
cally sealed. The dielectric plate is moved by a motor 

20 (not shown) or by moving up and down the flange 56 
using a bolt or the like. Although not shown in the figure, 
more than one flange 56 and bellows 57 may be used. 
In this case, a parallel adjusting jig for the dielectric plate 
may be moved in a similar manner. 

25 [0132] Since this apparatus has no movable part 
sealed with an O ring or the like, it can be hermetically 
sealed for a long time. 

[0133] FIG. 30 shows the configuration of a modifica- 
tion of the apparatus of the ninth embodiment. In this 

30 modification, a magnet 61 is provided on the support jig 
52 for moving the jig that holds the dielectric plate. A 
driving magnet 62 (which may be a permanent magnet 
or electromagnet) faces the magnet 61 with the vacuum 
container 53 between them. A female thread has been 

35 cut in the holding jig for the dielectric plate. The support 
jig 52 is composed of a bolt in which a mail thread cor- 
responding to the female thread has been cut. The driv- 
ing magnet 62 is rotated manually or by a motor (not 
shown), thereby rotating the support jig 52 together with 

40 the magnet 61 , which enables the holding jig for the di- 
electric plate to move up and down. 
[0134] In the configuration of FIG. 30, since the sup- 
port jig 52 is not connected to the vacuum container 53, 
the entering of heat can be decreased further. 

45 [0135] FIG. 31 shows another modification of the 
ninth embodiment. In FIG. 31, by using a horizontal 
movement jig one end of which is provided on the flange 
64 connected via bellows 63, a bearing portion 66 sup- 
porting the driving bolt 52 is moved in the horizontal di- 

50 rection. 

[0136] The high-frequency devices explained in the 
first to eighth embodiments have the configuration suit- 
able for adjusting the center frequency. Now, a high-fre- 
quency device (high-frequency filter) which enables not 
55 only the center frequency but also the frequency band- 
width to be adjusted easily will be explained. 
[0137] A communication apparatus for communicat- 
ing information by wireless or by wire is composed of 
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various devices, including amplifiers, mixers, and filters. 
A band-pass filter used in this apparatus has a charac- 
teristic that permits only the desired band to pass 
through. The characteristics of the band-pass filter, in- 
cluding the center frequency and bandwidth, are deter- 5 
mined according to the specifications of the system. Be- 
fore explanation of a tenth and later embodiments, the 
basic configuration of a band-pass filter of the present 
invention will be explained. The same parts as those in 
the first to eighth embodiments are indicated by the 10 
same reference numerals to make it easy to understand 
the explanation. 

[0138] FIGS. 32A to 32C show plane patterns of an 
example of a band-pass filter according to the embodi- 
ments of the present invention. FIG. 32A shows a for- 15 
ward-coupled band-pass filter 112a. Specifically, super- 
conductor patters formed on a substrate (not shown) 
constitute a plurality of resonating elements 12a. The 
plurality of resonating elements 1 2a constitute the band- 
pass filter 112a. The superconductor patterns of the in- 20 
dividual resonating elements 12a have the same shape 
and are arranged so as to realize a desired transmission 
characteristic. 

[0139] FIG. 32B shows a hairpin band-pass filter 
112b. The band-pass filter 112b is formed in the same 25 
manner as the band-pass filter 1 12a. That is, supercon- 
ductor patters formed on a substrate constitute a plural- 
ity of resonating elements 12b. The plurality of resonat- 
ing elements 12b constitute the band-pass filter 112b. 
The superconductor patterns of the individual resonat- 30 
ing elements 12b have the same shape and are ar- 
ranged so as to realize a desired transmission charac- 
teristic. 

[0140] A structure as shown in FIG. 32C is obtained 
by connecting the band-pass filters 112a and 112b in 35 
series. The equivalent circuit of each band-pass filter is 
as shown in FIG. 33. That is, a parallel circuit of a ca- 
pacitor 116 and an inductor 117 is connected to another 
parallel circuit of a capacitor 1 1 6 and an inductor 1 1 7 via 
a capacitor 118. ------- 40 

[0141] FIGS. 34A to 34C show characteristics of the 
band-pass filters shown in FIGS. 32A to 32C. The band- 
pass filter 112a of FIG. 32A has a sharp edge on the 
high-frequency side as shown in FIG. 34A. The band- 
pass filter 112b of FIG. 32B has a sharp edge on the 45 
low-frequency side as shown in FIG. 34B. Therefore, 
with the band-pass filter (see FIG. 32C) obtained by con- 
necting the band-pass filters 112a and 112b in series, 
both edges can be made sharp (see FIG. 34C). 
[01 42] FIG. 35 shows the basic configuration of a var- 50 
iable frequency filter apparatus according to the ninth 
embodiment. As shown in the figure, the two band-pass 
filters 121a and 121b, which are connected in series, 
are provided with resonance frequency controllers 1 22a 
and 112b, respectively. 55 
[01 43] FIG. 36 shows a transmission characteristic of 
only the band-pass filter 121a when the passing fre- 
quency of the band-pass filter 121a is not changed by 



the resonance frequency controller 122a. Similarly, FIG. 
37 shows a transmission characteristic of only the band- 
pass filter 1 21 b when the passing frequency of the band- 
pass filter 121b is not changed by the resonance fre- 
quency controller 122b. In the figure, f1 indicates the 
low-frequency side end of the passband for the band- 
pass filter 121a alone andf2 indicates the high-frequen- 
cy side end of the passband for the band-pass filter 121b 
alone. FIG. 38 shows a transmission characteristic of 
the entire filter circuit of FIG. 35. The filter circuit of FIG. 
35 functions as a band-pass filter that selectively per- 
mits the frequencies ranging from f1 to f2 to pass 
through. 

[0144] FIG. 39 shows a transmission characteristic of 
only the band-pass filter 121a when the resonance fre- 
quencies of the resonating elements constituting the 
band-pass filter 121a are controlled using the reso- 
nance frequency controller 122a, thereby changing the 
passing frequency of the band-pass filter 121a. In this 
case, the whole passband has shifted toward the low- 
frequency side as compared with FIG. 36 and the low- 
frequency side end of the passband is f 1 '. 
[01 45] FIG. 40 shows a transmission characteristic of 
the entire filter circuit of FIG. 35 when the passing fre- 
quency of the band-pass filter 121a alone is controlled 
as shown in FIG. 39. The filter circuit of FIG. 35 functions 
as a band-pass filter that permits the frequencies rang- 
ing from f1' to f2 on the whole to pass through and has 
a greater bandwidth than that in the transmission char- 
acteristic of FIG. 38 with no frequency control. 
[0146] By shifting the entire passband of the band- 
pass filter 121a toward the high-frequency side using 
the resonance frequency controller 122a, the passing 
bandwidth of the entire filter circuit of FIG. 35 can be 
narrowed in the same manner. 

[0147] Furthermore, by changing the passing fre- 
quency of the band-pass filter 1 21 b using the resonance 
frequency controller 1 22b, the passing frequency of the 
entire filter circuit of FIG. 35 can be controlled to a de- 
sired value in a similar manner. In addition to using either 
the resonance frequency controller 122a or 112b, both 
of them may be used simultaneously. 
[0148] As described above, the resonance frequen- 
cies of the resonating elements constituting either or 
both of the band-pass filters are controlled by the reso- 
nance frequency controllers, thereby coWolling the 
center frequency of the filter. This makes it possible to 
control the filter characteristics, including the center fre- 
quency and bandwidth of the entire series-connected fil- 
er circuit, so as to achieve the desired characteristics. 
[0149] Hereinafter, concrete embodiments of the 
present invention will be explained. 

(Tenth Embodiment) 

[0150] FIG. 41 is a schematic sectional view of a high- 
frequency device according to a tenth embodiment of 
the present invention. 
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" [0151] A first band-pass filter component section is 
composed of a dielectric substrate 11 a, a ground plane 
15a made of a superconductor film on the bottom sur- 
face of the dielectric substrate 11a, a plurality of reso- 
nating elements 12a made of a superconductor film on 
the top surface of the dielectric substrate 11a, an input 
port 13a, and an output port 14a. Similarly, a second 
band-pass filter component section is composed of a di- 
electric substrate 11b, a ground plane 15b made of a 
superconductor film on the bottom surface of the dielec- 
tric substrate 11 b, a plurality of resonating elements 1 2b 
made of a superconductorfilm on the top surface of the 
dielectric substrate 1 1 b, an input port 1 3b, and an output 
port 14b. Both of the first and second band-pass filters 
are of the microstrip line type. For instance, the band- 
pass filters as shown in FIGS. 32A and 32B may be used 
as the first and second band-pass filters. 
[0152] A coaxial line 136a is connected to the input 
port 13a of the first band-pass filter 13a and a coaxial 
line 1 36b is connected to the output port 1 4b of the sec- 
ond band-pass filter. The output port 14a of the first 
band-pass filter is connected to the input port 1 3b of the 
second band-pass filter with a connection wire 137. 
[0153] A dielectric plate 1 6a and a spacing adjusting 
member 17a are provided as means for controlling the 
passing frequency of the first band-pass filter. The spac- 
ing adjusting member 17a is designed to move up and 
down in such a manner that the dielectric plate 16a and 
dielectric substrate 11a keep in parallel with each other 
Similarly, a dielectric plate 1 6b and a spacing adjusting 
member 17b are provided forcontrollingthe passingfre- 
quency of the second band-pass filter. 
[0154] In the first band-pass filter, the dielectric plate 
16a is provided so as to cover all the plurality of reso- 
nating elements 12a. The spacing adjusting member 
17a is moved up and down in such a manner that the 
surface of the dielectric plate 1 6a and the surface of the 
dielectric substrate 11a are kept in parallel with each 
other, thereby controlling the distance between the die- 
lectric plate 16a and the resonating elements 1a. The 
same holds true for the second band-pass filter. 
[0155] As in the first embodiment, various dielectric 
materials, such as sapphire (Al 2 0 3 ), MgO, or LaAl0 3 , 
may be used as the dielectric plates 16a and 16b. It is 
desirable that the dielectric loss factor of the dielectric 
material should be as low as possible. The same die- 
lectric materials may be used as the dielectric sub- 
strates 11a and 11b. 

[0156] Furthermore, a YBCO (an alloy of yttrium, bar- 
ium, copper, and oxygen) superconductor film formed 
by laser ablation techniques, sputtering techniques, co- 
evaporation techniques, or the like or the materials de- 
scribed in the first embodiment may be used as materi- 
als for the resonating elements (microstrip lines) 12a 
and 12b. 

[0157] The position of the spacing adjusting members 
17a and 17b is controlled by just using screws. Instead 
of the screws, various types of actuators, such as pie- 



zoelectric elements, may be used as in the seventh and 
eighth embodiment. Moreover, the various types of filter 
configurations explained in the first to seventh embodi- 
ments may be applied to the tenth embodiment. 

5 [01 58] As described above, in the tenth embodiment, 
moving up and down the spacing adjusting member 1 7a 
(or 17b) enables the distance between the dielectric 
plate 1 6a (or dielectric plate 16b) and the resonating el- 
ements 12a (or resonating elements 12b) to be control- 

10 led, thereby making it possible to change the frequency 
characteristic of the first or second band-pass filter. 
[0.159] Furthermore, the dielectric plate is provided so 
as to cover the superconductor patterns of the resonat- 
ing elements and the spacing adjusting member is 

15 moved up and down in such a manner that the dielectric 
plate and the surface of the substrate are kept in parallel 
with each other. This makes it possible to change the 
resonance frequencies of the individual resonating ele- 
ments uniformly. 

20 [0160] In this case, if the frequency adjusting range is 
not large, there is no need to adjust the coupling of the 
resonating elements separately. That is, even when the 
frequencies of both band-pass filters connected in se- 
ries are controlled, the number of control parameters is 

25 two at most in adjusting the spacing adjusting member 
of each band-pass filter and does not depend on the 
number of stages of filters (resonating elements) includ- 
ed in each dielectric substrate. Accordingly, it is possible 
to realize a variable characteristic band-pass filter with 

30 a sharp skirt characteristic easily. 

(Eleventh Embodiment) 

[01 61] FIG . 42 is a schematic sectional view of a high- 
35 frequency device according to an eleventh embodiment 
of the present invention. 

[0162] The basic configuration of the first and second 
band-pass filter component sections, input and output 
ports, and others are the same as that of the tenth em- 

40 bodiment shown in FIG. 41 . The component parts cor- 
responding to those in FIG. 41 are indicated by the same 
reference numerals and a detailed explanation of them 
. will be omitted. 
[0163] In the eleventh embodiment, a capacitor struc- 

45 ture formed on an insulating dielectric 1 51 a is provided 
for controlling the passing frequency of the first band- 
pass filter. The capacitor structure is such that a dielec- 
tric 154a is sandwiched between electric-field-applying 
electrodes 152a and 153a. The dielectric 154a is made 

50 of a material whose permittivity varies with the applied 
voltage. 

[0164] Similarly, to control the passing frequency of 
the second band-pass filter, there are provided an insu- 
lating dielectric 151b, electric-field-applying electrodes 
55 1 52b and 1 53b, and a dielectric 1 54b. 

[0165] For example, in the first band-pass filter, the 
insulating dielectric 151a, electric-field-applying elec- 
trodes 152a and 153a, and dielectric 154a are so pro- 



16 



31 



EP 1 202 375 A2 



32 



vided that they cover alt of the plurality of resonating el- 
ements 12a. An electric-field-applying (or a voltage-ap- 
plying) power supply 155a changes the voltage to be 
applied to the electric-field-applying electrodes 152a 
and 153a, thereby controlling the electric field applied 
to the dielectric 1 54a. The same holds true for the sec- 
ond band-pass filter. 

[01 66] SrTi0 3 or BaxSr^xTiC^ (where x is the amount 
of replacement of Sr by Ba and has a value of 1 or less) 
or a material obtained by subjecting these materials to 
doping to increase the amount of change in the permit- 
tivity may be used for the dielectrics 154a and 154b. 
[01 67] As described above, with the eleventh embod- 
iment, the dielectric 1 54a (or dielectric 154b) whose per- 
mittivity varies with the applied electric field is provided 
and the power supply 1 55a (or power supply 1 55b) con- 
trols the applied electric field, thereby changing the 
transmission characteristics of the first and second 
band-pass filters. Furthermore, the dielectric is provided 
so as to cover the superconductor patterns of the reso- 
nating elements, enabling the resonance frequencies of 
the individual resonating elements to be changed uni- 
formly, which makes it possible to realize a variable 
characteristic band-pass filter with a sharp skirt charac- 
teristic as in the tenth embodiment. 

(Twelfth Embodiment) 

[0168] FIG. 43 is a schematic sectional view of a high- 
frequency device according to a twelfth embodiment of 
the present invention. 

[0169] The basic configuration of thefirst and second 
band-pass filter component sections, input and output 
ports, and others are the same as that of the tenth em- 
bodiment shown in FIG. 41 . The component parts cor- 
responding to those in FIG. 41 are indicated by the same 
reference numerals and a detailed explanation of them 
will be omitted. 

[0170] In the twelfth embodiment, an inductor struc- 
ture formed on an insulating dielectric 161a is provided 
for controlling the passing frequency of the first band- 
pass filter. The inductor structure is such that a magnetic 
material 163a is provided in a magnetic-field-applying 
coil 162a. A material whose permeability varies with the 
applied magnetic filed is used as the magnetic material 
163a. Similarly, to control the frequency of the second 
band-pass filter, there are provided an insulating dielec- 
tric 161b, a magnetic-field-applying coil 162b, and a 
magnetic material 1 63b. 

[0171] For example, in the first band-pass filter, the 
insulating dielectric 161a, magnetic-field-applying coil 
162a, and magnetic material 163a are so provided that 
they cover all of the plurality of resonating elements 1 2a. 
A magnetic-field-applying (or a current-supplying) pow- 
er supply 1 64a changes the current to be supplied to the 
magnetic-field-applying coil 162a, thereby controlling 
the magnetic field applied to the magnetic material 
163a. The same holds true for the second band-pass 



filter. 

[0172] Such a material as Y 3 Fe 5 0 12 may be used as 

the magnetic materials 163a and 163b. 

[0173] As described above, with the twelfth embodi- 

5 ment, the magnetic material 1 63a (or magnetic material 
163b) whose permeability varies with the applied mag- 
netic field is provided and the power supply 164a (or 
power supply 1 64b) controls the applied magnetic field, 
thereby changing the transmission characteristics of the 

io first and second band-pass filters. 

[0174] Furthermore, the magnetic material is provid- 
ed so as to coverthe superconductor patterns of the res- 
onating elements, enabling the resonance frequencies 
of the individual resonating elements to be changed uni- 

15 formly, which makes it possible to realize a variable 
characteristic band-pass filter with a sharp skirt charac- 
teristic as in the tenth embodiment. 
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(Thirteenth Embodiment) 



[01 75] FIG. 44 is a schematic sectional view of a high- 
frequency device according to a thirteenth embodiment 
of the present invention. The basic configuration of the 
thirteenth embodiment is the same as that of the tenth 
25 embodiment shown in FIG. 41 . The component parts 
corresponding to those in FIG. 41 are indicated by the 
same reference numerals. 

[0176] In the thirteenth embodiment, actuators 171a 
and 1 71 b for controlling the spacing adjusting members 
30 1 7a and 1 7b, respectively, are connectedto a controller 
1 72. The controller 1 72 controls at least one of the spac- 
ing adjusting members 1 7a and 1 7b every moment. 



(Fourteenth Embodiment) 



[01 77] FIG. 45 is a schematic sectional view of a high- 
frequency device according to a fourteenth embodiment 
of the present invention. The basic configuration of the 
fourteenth embodiment is the same as that of the tenth 
embodiment shown in FIG. 41. The component parts 
corresponding to those in FIG. 41 are indicated by the 
same reference numerals. 

[0178] In the tenth embodiment, band-pass filters 
have been constructed using separate substrates. In the 

4 5 fourteenth embodiment, however, resonating elements 
1 2a and 1 2b are formed on the same dielectric substrate 
1 1 , thereby constructing a first and a second band-pass 
filter using the same substrate. The first and second 
band-pass filters are connected to each other with a 

50 transmission line 1 81 formed on the dielectric substrate 
11- 

[0179] The means for controlling the freq uency of the 
band-pass filter may be what has been explained in the 
eleventh or twelfth embodiment. 

55 

(Fifteenth Embodiment) 

[0180] FIG. 46 is a schematic sectional view of a high- 
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•"frequency device according to a fifteenth embodiment 
of the present invention. The basic configuration of the 
fifteenth embodiment is the same as that of the four- 

-teenth embodiment shown in FIG. 45. The component 
parts corresponding to those in FIG. 45 are indicated by 
the same reference numerals. 

[0181] While in the fourteenth embodiment, the first 
and second band-pass filters have been connected in 
series using the same dielectric substrate, a third band- 
pass filter is further connected in series using the same 
dielectric substrate in the fifteenth embodiment. Specif- 
ically, resonating elements 12a, 12b, and 12c are 
formed on the same dielectric substrate 1 1 . The first and 
second band-pass filters are connected to each other 
with a transmission line 181 and the second and third 
band-pass filters are connected to each other with a 
transmission line 1 82. A coaxial line 136c is connected 
to the output port 14c of the third band-pass filter. 
[0182] The number of band-pass filters connected in 
series may be increased further. In addition, the means 
for controlling the frequency of the band-pass filter may 
be what has been explained in the eleventh or twelfth 
embodiment. 

(Sixteenth Embodiment) 

[0183] FIGS. 47A and 47B are related to a high-fre- 
quency device according to a sixteenth embodiment of 
the present invention. FIG. 47A is a plan view showing 
the arrangement of band-pass filters. FIG. 47B shows 
a transmission characteristic of the band-pass filters. 
[0184] As shown in FIG. 47A, the band-pass filter is 
such that a forward-coupled 6-stage band-pass filter 
112a composed of resonating elements 12a and a 
5-stage band-pass filter 112b composed of resonating 
elements 12b are formed on the same substrate 101, 
with the 6-stage band-pass filter and the 5-stage band- 
pass filter connected in series through a connecting por- 
tion 106. An input terminal 13 and an output terminal 14 
are connected to the band-pass filter 112b and band- 
pass fitter 112a, respectively. 

[01 85] As shown in FIG. 47B, this band-pass filter re- 
alizes a sharp skirt characteristic that has poles on both 
sides of the passband. 

(Seventeenth Embodiment) 

[0186] FIGS. 48A to 48C are related to a high-fre- 
quency device according to a seventeenth embodiment 
of the present invention. FIG. 48A is a plan view showing 
the arrangement of band-pass filters related to the sev- 
enteenth embodiment. FIG. 48B is a plan view showing 
the arrangement of band-pass filters related to a com- 
parative example. FIG. 48C shows a transmission char- 
acteristic (indicated by b) of the band-pass filter of FIG. 
48A and that (indicated by c) of the band-pass filter of 
FIG. 48B. The component parts corresponding to those 
in the sixteenth embodiment shown in FIG. 47A are in- 



dicated by the same reference numerals. 
[01 871 The band-pass filter (see FIG. 48A) of the sev- 
enteenth embodiment is such that two units of the band- 
pass filter 112b (of a 6-stage structure) are connected 

5 in series on the same substrate 101 . The comparative 
example (see FIG. 48B) shows a 12-stage band-pass 
filter 1 12c composed of the same resonating elements 
as the resonating elements 12b shown in FIG. 48A. 
[0188] As shown in FIG. 48C, a skirt characteristic 

10 (shown by a solid line b) of the band-pass filter 1 1 2b of 
the seventeenth embodiment is in no way inferior to a 
skirt characteristic (shown by a dotted line c) of the 
band-pass filter 11 2c in the comparative example. In ad- 
dition, the amount of attenuation outside the passband 

15 in the seventeenth embodiment is greater than that in 
the comparative example. 

(Eighteenth Embodiment) 

20 [0189] FIGS. 49A and 49B are related to a high-fre- 
quency device according to an eighteenth embodiment 
of the present invention. FIG. 49A is a plan view of the 
high-frequency device. FIG. 49B is a sectional view tak- 
en along line 49B-49B in FIG. 49A. The component 

25 parts corresponding to those in the sixteenth embodi- 
ment shown in FIG. 47A are indicated by the same ref- 
erence numerals. 

[0190] A dielectric substrate 11 at which resonating 
elements 1 2a and 1 2b constituting two band-pass filters. 

30 1 1 2a and 1 1 2b respectively and a ground plane 1 5 have 
been formed is provided on a holder 18. Two dielectric 
plates 16a and 16b for controlling the characteristics of 
the two band-pass filters respectively are provided so 
as to correspond to the two band-pass filters. Each of 

35 the dielectric plates 1 6a and 1 6b is supported by a sub- 
strate holding member (or spacing adjusting member) 
17e at one end. The substrate holding member 17e is 
moved up and down, thereby adjusting the spacing be- 
tween the band-pass filter and the dielectric plate. 

40 [0191] In the sixteenth and seventeenth embodi- 
ments, the two band-pass filters 112a and 112b have 
been arranged in the direction in which signals are prop- 
agated and the power input terminal 13 and output ter- 
minal 14 have been provided on both sides of the same 

45 substrate, in the eighteenth embodiment, two band- 
pass filters 1 1 2a and 1 1 2b are arranged side by side and 
connected in series as shown in FIG. 49A and the power 
input terminal 13 and output terminal 14 are provided 
on one side of the same substrate. 

50 [0192] Thearrangement methods shown in the six- 
teenth and seventeenth embodiments have the advan- 
tage that it is easy to provide the dielectric plate in such 
a manner that the distance from the dielectric plate to 
each filter can be changed independently. As the 
55 number of stages of filters increases, however, the sub- 
strate takes a longer, narrower shape (or a shape with 
a higher length-to-breadth ratio), which makes the sub- 
strate expansive for its area. It is desirable that adjacent 
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r filters should be connected to each other with a super- 
conductor film with a length of at least 2 mm. If the dis- 
tance between the filters is shorter than 2 mm, one filter 
is influenced by the dielectric plate facing the other filter, 
which makes it difficult to control the transmission char- 
acteristic independently. In the arrangement methods 
shown in FIGS. 49A and 49B, of the two filters is pro- 
vided on the right side and the other on left side, ena- 
bling a substrate with a lower length-to-breadth ratio to 
be used, which provides the advantage of reducing the 
cost of the substrate. 

(Nineteenth Embodiment) 

[0193] FIGS. 50A and 50B are related to a high-fre- 
quency device according to a nineteenth embodiment 
of the present invention. FIG. 50A is a plan view of the 
high-frequency device. FIG. 50B is a sectional view tak- 
en along line 50B-50B in FIG. 50A. 
[0194] While in the eighteenth embodiment (see 
FIGS. 49A and 49B), two dielectric plates have been 
provided so as to correspond to the two band-pass filters 
1 12a and 11 2b, the characteristic of the band-pass filter 
is controlled using a single dielectric plate in the nine- 
teenth embodiment. 

[0195] Furthermore, although in the eighteenth em- 
bodiment, the dielectric plate 16 has been provided so 
as to cover all of the resonating elements, if the individ- 
ual resonating elements 12a and 12b are in the same 
state, the center frequency can be changed without dis- 
turbing the transmission characteristic by covering part 
of the individual resonating elements with the dielectric 
plate 16. That is : when the individual resonating ele- 
ments and their arrangement are symmetrical with re- 
spect to the center line in the direction of input and out- 
put (in the method of arranging the resonating ele- 
ments), a part of the dielectric plate that covers each 
resonating element has only to have the same area. 
[0196] I n the n ineteenth embodiment, from the above- 
described viewpoint, the dielectric plate 1 6 covers ail of 
the resonating elements 12b completely and the reso- 
nating elements 12a partially. The filter characteristic is 
adjusted by moving the dielectric plate 16 vertically or 
horizontally with respect to the surface of the filter. 

(Twentieth Embodiment) 

[01 97] A twentieth embodiment of the present inven- 
tion relates to a mounting method when band-pass fil- 
ters formed on separate substrates are connected in se- 
ries. A band-pass filter formed at each substrate is 
mounted in a package suitable for ultra-low temperature 
operations as in FIG. 12. The state is shown in FIG. 51. 
[01 98] Specifically, a dielectric plate 1 6 is attached to 
a holding jig 21 with a squared-U-shaped cross section 
by means of a fixing member 22. The holding jig 21 is 
installed to a lift jig 23 supported by a case 24. The hold- 
ing jig 21 is lifted up and down by the lift jig 23, thereby 



changing the distance between the substrate 11 at 
which the resonating elements 12 and ground plane 15 
have been formed and the dielectric plate 1 6. Moreover, 
with at least three adjustment screws (see FIG. 52), the 
s surface of the substrate 1 1 and the facing surface of the 
dielectric plate 16 are adjusted so as to be in parallel 
with each other. 

[0199] FIGS. 52 and 53 show examples of a case 
where two assembly members 191 assembled as 
10 shown in FIG. 51 are connected in series, thereby con- 
necting band-pass filters in series. The input and output 
terminals 1 92 (not shown in FIG. 51 ) of the two assem- 
bly members 191 are connected to each other with a 
coaxial cable 193. 
is [0200] In the example of FIG. 52, the two assembly 
members 191 are arranged in a line in the same direc- 
tion. With this arrangement, the length of the coaxial ca- 
ble can be made shorter and therefore the loss caused 
by connections can be decreased. 

20 [0201] In the example of FIG. 53, the coaxial cable is 
bent, thereby arranging the two assembly members 191 
side by side. This arrangement enables the cold head 
of a refrigerator to be made compact, which is particu- 
larly suitable for an increased number of filters connect- 

25 ed in series. 

[0202] FIG. 54 shows an example of mounting a die- 
lectric substrate 1 1 at which resonating elements 1 2 and 
a ground plane 15 have been formed on both sides of 
a grounded holder 196. FIG. 54 shows an overall con- 

30 figuration (where the resonating elements 12 and 
ground plane 15 are not shown). FIG. 55 is an enlarged 
view of the main part VXV of FIG. 54. Arranging the two 
dielectric substrates 11 in such a manner that they face 
each other enables the cold head of the refrigerator 54 

35 to be made compact, which makes it possible to de- 
crease not only the thermal capacity but also the number 
of parts. 

[0203] With the tenth to twentieth embodiments, a plu- 
rality of band-pass filters composed of a plurality of res- 

40 onating elements made of a superconductor film are 
connected in series. By controlling the resonance fre- 
quencies of the resonating elements constituting the 
band-pass filters, a band-pass filter with a sharp skirt 
characteristic and a desired transmission characteristic 

45 can be realized easily. 

[0204] With the present invention, a plurality of band- 
pass filters composed of a plurality of resonating ele- 
ments made of a superconductor film are connected in 
series, thereby realizing a filter with excellent character- 

50 istics, including a sharp skirt characteristic. Specifically, 
for example, a band-pass filter having a sharp skirt char- 
acteristic on the low-frequency side of the passband and 
a band-pass filter having a sharp skirt characteristic on 
the high-frequency side of the passband are connected 

55 in series, thereby realizing a band-pass filter having 
sharp skirt characteristics on both sides of the pass- 
band. 

[0205] Furthermore, when band-pass filters with the 
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"same characteristics are connected in series, this pro- 
vides a sharper skirt characteristic than that of each 
band-pass filter. When a plurality of band-pass filters are 

-connected in series, the amount of attenuation outside 
the passband is the sum of the amount of attenuation 
outside the passband of each filter. Therefore, a large 
amount of attenuation outside the passband is obtained. 
[0206] In addition, by connecting a plurality of band- 
pass filters in series, the device can be made smaller. 
That is, as compared with a single band-pass filter hav- 
ing a characteristic equivalent to that of band-pass filters 
connected in series, the number of stages of resonating 
elements in each band-pass filter can be decreased. As 
a result, the occupied area of each band-pass filter can 
be decreased. 

[0207] Moreover, because a single band-pass filter 
has no freedom in arranging resonating elements, the 
shape of the occupied area is limited. When band-pass 
filters are connected in series, however, the individual 
band-pass filters can be arranged two-dimensionally or 
three-dimensionally with a high degree of freedom. For 
this reason, it is possible to make compact not only all 
the band-pass filters connected in series but also the 
entire apparatus into which band-pass filters have been 
incorporated. 

[0208] When a plurality of band-pass filters connected 
in series are formed using different substrates, there is 
no need to use a large substrate, which makes it easy 
to manufacture the apparatus and therefore decreases 
the manufacturing cost. Furthermore, it is possible to ar- 
range the individual band-pass filters three-dimension- 
ally with a high degree of freedom. 
[0209] When a plurality of band-pass filters connected 
in series are formed using the same substrate, it is dif- 
ficult to secure the freedom of three-dimensional ar- 
rangement. However, it is possible to secure a high de- 
gree of freedom two-dimensionally. Because the individ- 
ual band-pass filters are connected to each other with 
superconductor wires, it is possible to reduce the loss 
caused by connections. 

[0210] Furthermore, a plurality of band-pass filters 
having part of the passband in common are connected 
in series, thereby forming a new band-pass filter that 
allows the frequencies in the common part to pass 
through. By controlling the resonance frequencies of the 
resonating elements constituting at least one band-pass 
filter, it is possible to adjust the transmission character- 
istics (including the center frequency and bandwidth) of 
the common part. 

[0211] Specifically the surface of the substrate at 
which resonating elements have been formed is made 
parallel with the facing surface of the member (prefera- 
bly a dielectric plate) for controlling the resonance fre- 
quency. Larger than a specific area (preferably, more 
than half) of the individual resonating elements and the 
gaps between the individual resonating elements are 
covered with the member. Adjusting the spacing be- 
tween the member and the substrate, while keeping 



them in parallel, enables the resonance frequencies of 
the individual resonating elements to be changed uni- 
formly, which makes it possible to change the center fre- 
quency without disturbing the transmission characteris- 
tic. 



Claims 

io 1. A high-frequency device characterized by com- 
prising: 

a dielectric substrate (1 1 ) with a first and a sec- 
ond main surface; 
15 a filter element (112a, 112b) which has a plu- 

rality of resonating elements (12, 12a, 12b) 
made of a first superconductor film on said first 
main surface of said dielectric substrate (11); 
a dielectric plate (16, 16a, 16b) having a third 
20 and a fourth main surface, said third main sur- 

face of said dielectric plate (1 6, 1 6a, 1 6b) facing 
said first main surface of said dielectric sub- 
strate (11), said dielectric plate (16 : 16a, 16b) 
being substantially in parallel with said first 
25 main surface, and said dielectric plate (16, 16a, 

1 6b) covering at least a part of said plurality of 
resonating elements (12, 12a, 12b): and 
a spacing adjusting member (17 : 17a-17e, 87) 
configured to control a spacing between said 
30 third main surface of said dielectric plate (16, 

1 6a, 1 6b) and said first main surface of said di- 
electric substrate (11). 

2. The high-frequency device according to claim 1 , 
35 characterized in that when a maximum value and 

a minimum value of a spacing between said third 
main surface of said dielectric plate (16, 16a, 16b) 
and a surface of said first superconductor film is L 
and S respectively a value of an expression 2 x (L 
40 - S)/ (L + S) is 0.3 or less. 

3. The high-frequency device according to claim 1, 
characterized in that a second superconductor 
film (15) is formed on said second main surface of 

45 said dielectric substrate (11). 

4. The high-frequency device according to claim 1, 
characterized in that a third superconductor film 
(20) is formed on said fourth main surface of said 

50 dielectric plate (16, 16a, 16b). 

5. The high-frequency device according to claim 1 , 
characterized in that a second superconductor 
film (15) is formed on said second main surface of 

55 said dielectric substrate (11) and a third supercon- 

ductor film (20) is formed on said fourth main sur- 
face of said dielectric plate (16, 16a, 16b). 
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6. The high-frequency device according to claim 1, 
characterized in that a minimum distance between 
said spacing adjusting member (17, 17a-17e, 87) 
and said resonating elements (12, 12a, 12b) is three 
times or more as large as a pattern width of said 
first superconductor film of a strip line type forming 
said resonating elements (12, 12a, 12b). 

7. The high-frequency device according to claim 1, 
characterized in that said spacing adjusting mem- 
ber (1 7, 1 7a, 1 7b, 1 7e) is made of metal. 

8. The high-frequency device according to claim 1, 
characterized in that said spacing adjusting mem- 
ber (1 7c, 1 7d) is made of a dielectric material. 

9. The high-frequency device according to claim 1, 
characterized by further comprising a penetration 
member (42) which is made of a dielectric material 
and moves up and down in a through hole (43) 
formed in said dielectric plate (16) correspondingly 
to and above one of said plurality of resonating el- 
ements (12). 

10. The high-frequency device according to claim 1, 
characterized in that said spacing adjusting mem- 
ber (1 7c+87) includes 

a piezoelectric member (87) which is provided 
above said fourth main surface of said dielectric 
plate (16) and makes a displacement according 
to an applied voltage, and 
a connection member (17c) which connects 
said dielectric plate (16) and said piezoelectric 
member (87) and is movable according to said 
displacement of said piezoelectric member 
(87), said displacement of said piezoelectric 
member (87) moving said dielectric plate (16) 
via said connection member (1 7c). 

11. The high-frequency device according to claim 10, 
characterized in that a plane shape of said piezo- 
electric member (87) is rectangular. 

12. The high-frequency device according to claim 10, 
characterized in that a plane shape of said piezo- 
electric member (87) is circular. 

13. The high-frequency device according to claim 10, 
characterized in that said piezoelectric member 
(87) is composed of a plurality of piezoelectric areas 
(87a, 87b). 

14. The high-frequency device according to claim 13, 
characterized in that each of said plurality of pie- 
zoelectric areas (87a, 87b) makes a displacement 
independently. 



15. A high-frequency apparatus characterized by 

comprising: 

a high-frequency device (97) accordingto claim 

5 10; 

a memory (98) configured to store information 
about relationship between said applied volt- 
age to said piezoelectric member (87) and a 
center frequency of said filter element (112a, 

10 112b) varying according to said displacement 

of said piezoelectric member (87); and 
a voltage controller (99) configured to control 
said applied voltage on the basis of said infor- 
mation about said relationship between said 

15 applied voltage and said center frequency 

stored in said memory (98), in case of changing 
said center frequency of said filter element 
(112a, 112b). 

20 16. A high-frequency apparatus characterized by 

comprising: 

a high-frequency device according to claim 10; 
a first memory (98a) configured to store infor- 

25 mation about a hysteresis loop representing re- 

lationship between said applied voltage to said 
piezoelectric member (87) and said center fre- 
quency of said filter element (112a, 112b) var- 
ying according to said displacement of said pi- 

30 ezoelectric member (87); 

a second memory (98b) configured to store in- 
formation about a present operating point on 
said hysteresis loop; and 
a voltage controller (99) configured to control 

35 said applied voltage on the basis of said infor- 

mation about said hysteresis loop stored in said 
first memory (98a) and said information about 
said present operating point stored in said sec- 
ond memory (98b), in case of changing said 

40 center frequency of said filter element (112a, 

112b). 

17. A high-frequency apparatus characterized by 

comprising: 

45 

a high-frequency device (97) accordingto claim 
10; 

a memory (98) configured to store information 
about a plurality of hysteresis loops represent- 

50 ing relationship between said applied voltage 

to said piezoelectric member (87) and said 
center frequency of said filter element (112a, 
112b) varying according to said displacement 
of said piezoelectric member (87); and 

55 a voltage controller (99) configured to control 

said applied voltage on the basis of said infor- 
mation about said plurality of hysteresis loops 
stored in said memory (98), in case of changing 
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said center frequency of said filter element 
(112a, 112b). 

18. A high-frequency device characterized by com- 
prising: 

a substrate (11); 

a filter series where a plurality of band-pass fil- 
ters (112a, 112b) are connected in series, each 
of said plurality of band-pass filters (112a, 
1 1 2b) being composed of a plurality of resonat- 
ing elements (12a-12c) made of a supercon- 
ductor film formed on said substrate; and 
a resonance controller (16a+17a, 16b+17b, 
16+17e, 152a-154a, 152b-154b, 162a-j-163a, 
162b+163b) configured to control resonance 
frequencies of said plurality of resonating ele- 
ments (12a-12c) forming at least one band- 
pass filter (112a, 112b). 

19. The high-frequency device according to claim 18, 
characterized in that said resonance controller 
(16a+17a, 16b+17b, 16+17e) includes a dielectric 
plate (16, 16a, 16b) facing said filter series and a 
spacing adjusting member (17a, 17b, 17e) for ad- 
justing the spacing between said filter series and 
said dielectric plate (16, 16a, 16b). 

20. The high-frequency device according to claim 18, 
characterized in that said resonance controller 30 
(152a-154a, 152b-154b) includes a dielectric 
(154a, 154b) whose permittivity varies according to 

an electric field. 

21. The high-frequency device according to claim 18, 35 
characterized in that said resonance controller 
(162a+163a, 162b+163b) includes a magnetic ma- 
terial (163a, 163b) whose permeability varies ac- 
cording to a magnetic field. 

40 

22. The high-frequency device according to claim 18, 
characterized in that said plurality of band-pass 
filters (112a, 112b) include band-pass filters differ- 
ing in center frequency. 

23. The high-frequency device according to claim 18, 
characterized in that said plurality of band-pass 
filters (112a, 112b) have the same center frequency 
and are connected to each other using connection 
wires (106) whose patterns differ from patterns of 5< 
said plurality of resonating elements (12a, 12b) in- 
cluded in said plurality of band-pass filters (112a, 
112b). 
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